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Abt.  L — Contributions  to  Meteorology :  being  results  derived  from 
an  examination  of  Hie  Observations  of  Hie  United  States  Signal 
iService  ayid  from  otlier  sources ;  by  Elias  Loomis,  Professor 
of  Natural  Philosophy  in  Yale  iCollega  Sixteenth  paper. 
With  a  map. 

[Betd  before  the  National  Academy  of  Sciences^  Philadelphia,  Nov.  15,  1881.] 

Mean  annual  rain-faUfor  different  countries  of  the  globe. 

When  we  attempt  to  analyze  the  phenomena  of  storms,  we 
immediately  find  evidence  of  the  operation  of  general  causes 
wliich  are  not  peculiar  to  any  particular  storm.  .We  see  this 
troth  illustrated  by  the  tracks  which  storms  pursue,  and  by  the 
anequal  amounts  of  rain  which  are  precipitated  at  different 
places.  In  the  case  of  any  particular  storm  it  is  difficult  to 
decide  how  much  influence  is  to  be  ascribed  to  general  causes, 
and  how  much  to  special  causes.  The  influence  of  general 
causes  is  sometimes  best  shown  by  the  averages  derived  from 
a  large  number  of  cases,  by  which  means  the  peculiarities  of 

E articular  storms  are  mostly  eliminated.  With  this  view  I 
ave  undertaken  to  study  the  average  annual  distribution  of 
rain  for  the  entire  globe.  A  comparison  of  the  mean  annual 
rain  fall  for  different  localities  shows  unequivocally  the  influ- 
ence of  general  causes  quite  distinct  from  the  peculiarities  of 
particular  storms.  These  general  causes  must  operate  upon  each 
rtorm,  and  a  distinct  understanding  of  their  nature  must  assist 
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us  in  explaining  the  phenomena  of  particular  storms.  For 
many  years  I  have  been  desirous  of  making  a  comparison  of 
this  kind,  but  have  been  prevented  by  the  deficiency  of  obser- 
vations of  rain-fall  for  large  portions  of  the  earth's  surfaca 
Having  at  length  succeeded  in  collecting  observations  from  a 
pretty  large  number  of  stations,  I  have  undertaken  to  compare 
them  and  to  represent  the  results  upon  a  map  by  lines  of  equal 
rain-fall.  I  am  well  aware  that  for  certain  portions  of  the 
globe  (especially  for  the  southern  hemisphere),  the  observa- 
tions are  too  few  to  enable  us  to  draw  the  lines  of  equal  rain- 
fall with  confidence ;  yet  I  trust  this  imperfect  effort  may  be 
useful  in  assisting  us  to  undei-stand  the  causes  which  influence 
the  amount  of  rain-fall  at  particular  localities. 

The  following  table  presents  a  portion  of  the  results  which  I 
have  collected,  and   the  observations  are  divided   into  groups 
depending  upon  the  amount  of  the  mean  annual  rain-fall.     The 
first  group  contains  all   the  cases  I   have  found  in  which  the 
mean  annual  rain-fall  exceeds  200  English  inches ;  the  second 
group  contains  cases  in  which  the  annual   rain-fall  is  less  than 
200  inches,  but  greater  than  150  inches;  the  third  group  con- 
tains cases  of  rain-lall  from  150  to  100  inches ;  the  fourth  from 
100  to  75  inches,  the  fifth  from  75  to  50  inches,  the  sixth  from 
50  to  25  inches,  the  seventh   from  25  to  10  inches,  and  the 
eighth  group  contains  cases  in  which  the  mean  annual  rain-fall 
is  less  than  10  inches.     This  table  shows  all  the  stations  I  have 
found  where  the  annual  rain-fall  is  specially  remarkable  either 
for  its  great  or  for  its  small  amount,  and  for  those  regions  of 
the  globe  where  only  a  few  scattering  observations  have  been 
found,  all  known  cases  have  been  inserted  in  the  table ;  but 
for  those  countries  where  the  stations  of  observation  arc  numer- 
ous, only  a  small  portion   of  the   whole  number   have   been 
retained.     If  I  had   inserted   in   my  table  the  results   for  all 
known  stations,   the  list  would    have  filled   a  large  volume. 
The  number  of  stations  in  the  United  States  at  which  the  rain- 
fall has  been  measured  is  over  1200;  the  total  number  of  rain- 
gauges  now  regularly  observed  in  Great  Britain  is  about  2200; 
and  there  are  numerous  stations  of  observation  in  every  coun- 
try of  Europe.     In  British  India  the  rain -fall  has  been  meas- 
ured at  more  than  350  stations,  at  many  of  which  the  observa- 
tions have  been  continued  for  more  ihan  twenty  years;  in  the 
islands  of  the  Asiatic  Archipelago,  belonging  to  Holland,  the 
rainfall  is  measured  at  124  stations ;  and  there  are  numerous 
stations  of   observation   in   Australia,   Africa   and    t'lsewhere. 
All  available  observations  have  been  consulted  in  drawing  the 
lines  of  equal  rain-fall  upon  the  accompanying  map,  but  only  a 
small  part  of  them  are  contained  in  the  following  Uible. 
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India.  1878,  p.  120 

II  62  N.I   7Ba6E. 

17-lH 

135-34 

India,  1878,  p.  120 

S6,ldBngBWe,  UadrHB 

12  62N,I  T4  64K. 

20-26 

134-04 

India,  IB78,  p.  130 

S7|Mercara,  Myaoro 

12  30N.I  75  60K. 

15 

11B94 

India,  1878,  p.  120 

BSlAllepy,  MadraB 

"an 

9  27N.1  76  20K. 

5 

113-26 

PbiLTranfl..l850,p.JM 

69  Dodflbetta,  Madraa 

8640 

1 1  2H  NJ   75  47  E. 

1 

101-24 

PhiI.TraD8,1850,p.JH 

TO  11110 dalln,  Bnmbny 

mo 

IB  ION.'  73  30K, 

3 

14159 

Pbil-Tr:,„..,l-.-,0,p.3« 

TIAnjurakandy, 

IHOS.I  7540  E. 

14 

123-52 

DovaH.-iir..i.T,  p.100 

72  Ti»udjoer,  Juva 

1542 

G40S.   107    BE. 

Berp™,;,.  l.-^;^p.SlI 

73  Sookawana,  Java 

646S.|1U7  38E. 

117-88 

Bergama,  1819,  p.  211 

Ti^edoDK  EebOjJava 

148 

T-llS.  110    2E. 

1 

134-10 

Bentsma.  1879,  p,  2l» 

75'PekftlongBn,  Ja™ 

6  53S.  llOS-IOK. 

104-37 

llerifima,  1879,  p.  21J 

76,Son)Btai4{,  Java 

"13 

fioSS.    11026  E. 

1 

BprBsma,  187S,  p.  319 

77,Willem  laland,  Java 

1562 

7  ies.!no24K. 

113-18 

ncrirama,  1B79,  p.  2U 

78  (Jalaliga,  Java 

135-Gl 

Bcrgsraa,  1879,  p.  21» 

79  DjnkjokartB,  Java 

370 

7  J8S.I1IO2IE. 

123-90 

[ieritama,  1879,  p.  211 

80  Klatten,  Java 

G92 

7  42  9.  ,110  :i5K. 

110-99 

BerRSma,  I879,p.2tl 

SI  .Socrakurta,  Java 

302 

7a4S.'ll0  49E. 

112-41 

BErBsma,  1879.  p.  221 

85  Ngawi,  Java 

724S.|lL12eE. 

107-95 

BerjBma,  1879.  p.  MI 

SSiMaloagr,  Java 

U76 

7  57S.    112  38  E. 

136-30 

Bergfgma.  1879,  p.  221 

8.1,Mae«an,  Java 

13U 

8   0  8.  113  50  E. 

1 

139-41 

BcrgBma,  1879.  p.  2U 

3479.   inSllE. 

1 

1.10-5] 

BergKna,1879.p.2JJ 

se.TandloDg  Pinaog 

O5eN.'l04  26K. 

i 

133-70 

Berwma.  1819.  p.  2!J 

97  Palnmbanft.  Sumatra 

a5flS.jl04  46E, 

1 

1 08-07 

KerKBma,  1879,  p.  2» 

BS  UiHitok.  Sniiiatra 

a    3  3.  105    9E. 

I36'5<i 

Hon^ma,  1879.  p.  22t 

89  PoDtianak,  Korneo 

D    IN.I10920K. 

I 

130-94 

Uerjfsma.  1879,  p.  22S 

90  Bandjermnaio,  Itorauo 

.'JlSS.  ilUliSE. 

104  05 

BBrgama,  1879,  p.  226 

91  Bandu  Me 

4  32  9.  1 129  53  E, 

1 

14212 

Bergama,  1879,  p.  228 

92  FlairaUifl  Moiinlain 

inr. 

S2r.  K.IIIKI        K. 

..... 

116-21 

Berghaus  Ph.  Alias 

93  Fiji  Islands 

77 

lUiiHS.  Ii7b:i7E. 

124'IB 

Q..r.MetSoc..v.3,  0.286 

94  NavJKatora'  lxlaud(> 
BSiHokitiki,  New  Zealand 

iidEoii.  ni  44  vr. 

]0G 

Q.J.Met.Soc,v.fi,p.lB9 
Zeitechrift.  v.  fl,  p.  345 

.... 

ia42S.   170  B8E. 

"I" 

111-65 

B6  Cafeiere  dn  I'erou.  Gua 

16   3N.    6145W. 

19 

126-74 

Dove  Beitrage,  p.  93 

97,Tivo1t,  &BQ  Duiaitigo 

19    0  N.    70       \V 

2 

10: -47 

Hove  Beitrage,  p.  93 

98. Cape  HHLtlen,  S.  Dom. 

19  A3  N  1  72  13  \V. 

127-89 

Bor^biiiis  Ph.  Atlas 

B9.Orei.ada.  W.  Indies 

12    9  N.I  0148\V. 

107  73 

Dove  Beiirajra,  p.  93 

100  Until,  .laiLBkii 

ie    ON.i   76  25W. 

2 

136-461Q.  J.  Met.  Soc.,  v.4.  p.18 

101  Caatlelon,  Jamaica 

18    9S.!  7fliOW. 

1  0G-6i'Q.  J.  Met.  Sew.,  V.4,  p.18 

5100 

18    3N.|    7G40\V. 

104-83:iJ  ,1.  Uet  Soo.,  v.4,  p.ltt 

103'-N„wi:.,-t.l,.,  Jm.iiU.u 

3974 

18    3N,    7e44\V. 

1(iO-01;Q-J.  Met.Soc.,r.4,p.l6 

lUl;Cuyt>uuo,  (Juyuim 

4  60  N.I   52  30W. 

138ai'AB.Met.deFn.iice,1853 

105 

Parainaribo,  Liujaiiu 

6  45N 

56  13  W. 

142-45|DovBBoitra(jB,  p,  90 

IflS 

:;:: 

8  10  s, 

34  51  W, 

106-07  l>oye  Ueltrage,  p,  90 

107 

GoaRO-SiKM,  bra7.il 

3367 

I3  5SS. 

43  30  W. 

115-74  Dovi.'  BfilniKL-.  p.  9t 

108 

HeorffB '<"'"-  Guyana 

C50N 

58    4W. 

7 

100-S   :Dove  HeilraRp,  p.  90 

Cordoba,  Meiieo 

878 

18  51N 

96  64  W. 

112  9  (Hauglilon,  Pb.  GeoR. 

110 

9  23S 

79  53  W. 

l21-4l'Si.-hotl'sTableB,  p.  83 

Glenco,  Scotland 
^70,SwUaud 

66  39  N. 

5  low. 

128-51  ITfinpr    V    1.^    1.    1I1A 

in 

fi7  20N. 

6  12W. 

101-ao 

toiler,  V.  13,  p.  106 
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Mean  Annual  Rain-fall  for  various  stations — Continued, 


suuon. 


Elev. 
Feet. 


Lst. 


imbra.  Portugal 
ietown,  W.  Africa 
mandoPo.  W.Africa 
hr  el  Abiad,  E.  Af  rl 
ToQgass,  Alaska 
€Hh  Bay.  Wash.  Ter. 
idivia.  Chili 

is9oore,  X.  W.  Prov. 
Jni  Tal,  N.  W.  Prov. 
najporCf  BeDgal 
iDgpore,  Bengal 
grSf  Bengal 
rriflal,  Bengal 
ruensing,  Bengal 
millah,  B  ngal 
lOgamati,  Bengal 
.rartalla.  Bengal 
Ise  Point  Bengal 
vt^gBTy  Assam 
ial{)ara,  Assam 
zpur.  Assam 
)wgongf  Assam 
illong,  Assam 
mgoon,  Burma h 
u«8ein,  Burma Ii 
9nzada.  Burmah 
ichmarhi,  Cen.  Prov. 
-cuQa,  Bombay 
tplanade,  Bombay 
inna.  Bombay 
anantoddy,  Madras 
ille,  Oylon 
)k>mbo.  Ceylon 
andy,  Ceylon 
ewera  Elya,  Ceylon 
iiOon,  Madras 
ngapore,  Malacca 
^rang,  Java 
iDgerangr  Java 
itavia,  Java 
eester  Cornelis,  Java 
^,  Java 
oeban.  Java 
odjokerto.  Java 
)erabaja.  Jsiva 
riFsee,  Java 
angkalan.  Java 
amekasan,  Java 
lemenep,  Java 
B^oeroean,  Java 
eflfiekL  Java 
itoebondOf  Java 
BDJoewangi,  Java 
elok  Betong,  Sumatra 
}lok,  Sumatra 
ajakombo,  Sumatra 


o 

40 

250  8 
98    3 

....  9 
25  54 
40  48 
42  39 

....  30 
...    29 

25 

....  25 

24 

22 

...    24 

23 

22 

....  23 

15  20 

332  26 

386  26 

26 

....  26 

....25 

40  16 

1516 

17 

3504  22 
18 
18 
19 
11 
6 
6 
7 


40 

40 

1650 

6150 

30 

102 
33 
23 
46 
0 
0 

95 
0 
0 
16 
0 
0 
13 
7 
262 
16 
0 
!1234 
il630| 


13  N. 

29  N. 
46  N. 

N. 
46  N. 

22  N. 
57  S. 

25  N. 

26  N. 
36  N. 
44  N. 

49  N. 
44  N. 
48  N. 
33  N. 
32  N. 
52  N. 
20  N. 
59  N. 
UN. 

44  N. 
28  N. 

30  N. 
46  N. 

4N. 

45  N. 
28  N. 

50  N. 
54  N 

23  N. 
48  X. 

IN. 
56  N. 
18  N. 

ON. 
54  N. 
42  N. 

7  8. 


Long. 


6  10  S. 
6  1 1  S. 
6  13  S. 
6  51  S. 

6  52S. 

7  28  S. 
US. 
10  S. 

2S. 
10  S. 


7 

7 
7 
7 


8 

13 

8 

30 

130 

124 

73 


25  W. 

low, 

28  W. 
E. 
30  W. 
37  W. 
28  W. 


7    3  8. 

7  38  S 

7  43  S. 

7  41  S. 

8  13  S. 

5  26  S. 

0  4vS  S. 

i  0  15  S. 

77  44  E. 

79  36  B. 

88  37  E. 

89  25  E. 

89  26  E. 

90  20  E. 

90  30  E. 

91  20  E. 

92  17  E. 
90  20  E. 
86  47  E. 
94  40  E. 
90  40  E. 
92  52  E. 
92  45  E. 
92  4E. 
96  12E. 

94  50  E. 

95  32  E. 

78  28  E. 
72  49  E. 
72  49E. 
72  49  E. 
76    0  K. 

80  12  E. 

79  50  E. 

80  35  E. 
80  42  E. 
76  39  E. 

103  50  E. 
106  8E. 
106  40  E. 
106  50  E. 
106  54  E. 
109  8E. 
112  5E. 
112  25  E. 
112  44  E. 
ir2  39E. 

112  44  E. 

113  30E. 
113  54  E. 

1 1 2  56  E. 

113  41  E. 

114  2E. 
114  23  E. 
105  16  E. 
100  40  E. 
100  47  E. 


Years 

OtM. 


5 
4 


2 
3 
19 

14-26 
17-19 
19-21 
18-22 
16-19 
13-14 
17-19 
21-22 

10 
6-7 

12 
22-24 

17 
21-25 
21-24 
12-13 

9 

9 

8 

7-  8 

10-17 

10-17 

12-21 

11 

9 

9 

9 
8-9 

5 
0 


BalD. 
Inches, 


Authority. 


118-55!Dove  Beitrage,  p.  114 
125-80  Zeitschria,  v.  6.  p.  122 
100-67  ■Q.J.  MetSoc.,  v.  2,  p.  52 
100-?  ' Johnston's Africa,p.671 
118-3  Pacific  Coast  Pilot,  p.  26 
123-35  Schott's  Tables,  p.  79 
115-49  Zeitschrift,  v.  11,  p.  137 


3 

5 
5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 


95-21  India,  1878,  p.  1 
81  16  India,  1878,  p.  1 
77-18  India,  1878,  p.  1 
86-67  India,  1878,  p.  1 
81-28;lndia,  1878,  p.  1 
78-46  India,  1878,  p.  1 
98-27  India,  1878,  p.  1 
92-56  India,  1878,  p.  1 
97-57  India,  1878.  o.  1 
77-77iludia,  1878.  p.  1 
75-02  India,  1878,  p.  1 
93-98  India,  1878,  p.  I 
93-34  India,  1878.  p.  1 
76-06  India,  1878,  p.  1 
81-65|India,  1878,  p.  1 
86-93  India,  1878,  p.  1 
99-69  India,  1878,  p.  120 
96-89  India,  1878,  p.  120 
7509  India,  1878,  p.  120 
80-93  India,  J  878,  p.  117 
82*60  India,  1878,  p.  118 
77-00  India,  1878,  p.  118 
98-21  India,  1878,  p.  118 
91-88  India,  1878,  p.  120 
91-69  India.  1878,  p.  120 
88-82  India,  1878,  p.  120 
81-27  India,  1878,  p.  120 
99-45  India,  1878,  p.  120 
76-76  Phil. Trans.,  1850,  p.357 
91-66  India,  1878,  p.  121 
81  02  Bergsma,  1879,  p.  21 T 
79-41  Bergsma,  1879,  p.  217 
78-91  Batavia  Obs.,  p.  64 
78-78  Bergsma,  1879,  p.  217 
95-56  Bergsma,  1879,  p.  219 
88  70  Bergsma,  1879,  p.  219 
96-70  Bergsma,  1879,  p.  221 
92-64  Bergsma,  1879,  p.  221 
91-46  Bergsma,  1879,  p.  221 
96-74  Bergsma,  1879,  p.  221 
82 -48; Bergsma,  1879,  p.  221 
8307  Bergsma,  1879,  p.  221 
75-20  Bergsma,  1879,  p.  221 
83-15  Bergsma.  1879,  p.  221 
77-87 JBergsma,  1879,  p.  223 
88-50 1  Bergsma,  1879,  p.  223 
88-86  Bergsma,  1879,  p.  223 
83-11 1  Bergsma,  1879,  p,  223 
83-38,Bergsma,  1879,  p.  223 
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Mean  Annual  Rain-fall  for  various  stations — Continued. 


No 
169 

no 

171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
186 


Station. 


Medan  Poetri,  Sumatra 
Djambi.  Sumatra 
Hong  Kongr,  China 
Canton,  China 
Manilla,  Phi).  Is. 
Reunion,  Isle  Bourbon 
Southport,  Australia 
Kingstown,  St.  Vincent 
St.  Vincent,  W.  I. 
Martinique,  W.  I. 
Havana,  Cuba 
Philipsburg,  St.  Martin 
Stony  Hill,  Jamaica 
Mandeville,.  Jamaica 
Salter's  Hill,  Jamaica 
Georgetown,  Br.  Gu. 
Tlacotalpam,  Mexico 


46 
0 


69 
131 


Long. 


194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

205 
206 
207 
208 
209 
210 
211 


186  Rusteuburg,  Guyana 

187  Mt.  Washington,  N.  H. 

188  Cape  Hatteras.  N.  C. 

189  Catharina,  Surinam 

190  San  Antonio,  Brazil 

191  Mirador,  Mexico 

192  St.  Maria,  Alps 

193  Stubenbach,  Bavaria 
Liknoea,  Norway 
Cape  Pal  mas,  W.  Africa 
Sierra  Leone,  W.  Africa 
Astoria,  Oregon 
Fort  Stevens,  Oregon 
Blockhouse,  Oregon 
Sitka,  Alaska 
Marmato,  N.  Grenada 
Conception.  CliiU 
Corral,  Chili 
Puerto  Montt,  Chili 

Simla,  Punjab 
Mount  Abu,  Rajputana 
Debra,  N.  W.  Prov. 
Rliatmandu,  Nepal 
Budwan,  Bengal 
Bankoora,  Bengal 
Soory,  Bengal 


212,CalcuttJ»,  Bengal 


Krishnagbur,  Bengal 
Jessore,  Bengal 
Berhamporo.  Bengal 


213 
214 
215 
216  Maldah,  Bengal 

217 
218 


Baulea,  Bengal 
Pubna,  Bengal 
21 9;  Dacca,  Bengal 
22olCuttack.  Bengal 
221iPooree,  Bengal 
222iBalasore,  Bengal 
223|Gauhati,  Assnm 
224;Jubbulpore,  0.  Prov. 


50 

1425 

2130 

889 

h 

6286 


3035 
5936 


50 

"20 

4836 

33 

33 

33 

6952 

2232 

99 

"is 
33 


3  36 
135 

22  t>0 

23  15 
14  36 
20  50 
1244 
13  13 

13  15 

14  50 
23  9 
18  5 
18  4 
18  1 
18  19 

641 

18  37 
5 

44  16 

35  14 
5  48 
9    5 

19  13 
46  34 
49  6 
6130 

4  22 
8  20 

46  11 
46  12 
44  25 
57    3 

5  29 

36  46 
39  53 
41  30 


N. 

S. 


98  41 
103  36 


N. 114  13 
N.  113  16 
N.I  120  40 
S.  I  55  30 
S.  131  0 
N.i  61  18 
61  18 
61  3 
82  23 
63    3 

76  49 

77  32 
77  48 
58  11 

95  39 
55 
71  16 

75  30 
56  47 
G4    0 

96  50 
8  46 

13  23 

4  41 

7  44 

13    8 

123  49 

123  57 

123  30 

135  18 

76  0 
73    9 
72 
73 


Years 
ObH. 


N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

S. 

N. 

N. 

N. 

N. 

N. 

N. 

N 

N. 

N. 

N. 

N. 

S. 

S. 

S. 


31 
24 
30 
27 
23 
23 
23 
22 
23 
23 


66  24 
24 
24 
24 
23 
20 
19 
21 
26 
23 


80 


1351 


6N. 
38  N. 
20  N. 
41  N. 

14  N. 

15  N. 
53  N. 
33  N. 
24  N. 

9N. 

6N. 
58  N. 
26  N. 

4N. 
43  N. 
20  N. 
48  N. 
30  N. 
14  N. 

9N. 


K. 

E. 

E. 

E. 

E. 

E. 

K. 

W. 

W. 

w. 

AV. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 

w. 
w. 
w. 
w. 

E. 

E. 

E. 

W. 

W. 

W 

\V. 

^ 

W. 

W. 

W. 

W. 

W 


77  12E. 
72  43  E. 

78  8E. 
85  23  E. 
87  54  E. 
87  12  E. 

87  34  E. 

88  21  E. 

88  38  E. 

89  7  E. 
88  17  E. 
88  19  E. 

88  38  E. 

89  19  E. 

90  27  E. 
85  54  E. 
85  58  E. 
87    OE. 

91  48  E, 

79  69  E. 


1 
1 
1 

1 
6 
1 


Rain. 
Inches. 


7 
3 
5 
7 
5 
11 
1 
3 
8 
4 
4 
1 
8 


1 
1 
1 

30 

15 

2 

3 

10 

16-17 

19 

21 
24-28 
18-19 
21-24 
16-19 
49-50 
15-18 
19-24 
24-26 
21-23 
20-24 
15-17 
28-30 
18-21 
21-24 
19-21 
27-30 
133-35 


84-41 

96-85 

79-02 

77  64 

76-00 

79-18 

76-89 

82-78 

7817 

8693 

91-37 

86-32 

80-53 

86-58 

77-41 

9503 

89-10 

97  38 

77-23 

78-40 

77-94 

91-27 

84-70 

97-76 

86-54 

85-47 

82-07 

86-26 

86-35 

85-82 

96  29 

81-69 

90- 

9315 

99-68 

96-37 

70-20 
62  36 
70-76 
55-90 
58-58 
55-31 
55-65 
65-80 
56-37 
68-96 
55-55 
53-52 
60-00 
68-51 
73-22 
55-60 
55-26 
6647 
69-21 
52-32 


Anthorlty. 


Bergsma,  1879,  p.  225 
Bergsma.  1879,  p.  225 
Hove  Beitrage,  p.  102 
Dove  Beitrage,  p.  102 
International  Bulletin 
Zeitschrift,  v.  9,  p.  334 
Todd,  S.  Aust,  p.  126 
Dove  Beitrage,  p.  92 
Dove  Beitrage,  p.  92 
Gehler's  Ph.  Wor.,  v.  7 
Dove  Beitrage,  p.  93 
Schott's  Tables,  p.  81 
Q.  J.  Met.  Soc ,  V.4,  p.l6 
Q.  J.  Met.  Soc,  v.4,  p.  16 
Q.  J.  Met.  Soc.,  v.4,  p.l6 
Sandeman's  Obs. 
International  Bulletin 
Schoit's  Tables,  p.  83 
Signal  Service  Obs. 
.-^i^nal  Service  Obs. 
Schott's  Tables,  p.  83 
Zeitschrift,  v.  15,  p.  492 
Haughton.  Ph.  Geog. 
Koner,  v.  13,  p.  106 
Xoner,  v.  13,  p.  105 
Koner,  v.  13,  p.  105 
Berjjhaus  Ph.  Atlas 
Dove  Beitrage,  p.  91 
Schott's  Tables,  p.  77 
Schott's  Tables,  p.  77 
Schott's  Tables,  p.  77 
Pacific  Coast  P.,  p.  26 
Proo.  Br.  Met.  Soc.,  v.  3 
Zeitschrift.  v.  11,  p.  13t 
Zeitschrift,  v.  11,  p.  137 
Zeitschrift,  v.  1 1 ,  p.  13t 


India, 
India, 
India. 
India. 
India, 
India, 
India, 
India, 
India, 
India, 
India, 
India, 
India, 
India, 
India. 
India, 
1  ndia. 
India, 
India, 
India, 


1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878. 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 
1878, 


112 
112 
113 
114 
114 
114 
114 
115 
115 
115 
115 
115 
115 
115 
115 
116 
116 
116 
p.  116 
p.  116 


P- 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P. 

P- 

P. 

P. 

P 

P 

p. 

P- 


JE  Loomis — Contributions  to  Meteorology, 
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Station. 

Kiev. 
Feet. 

H7 

Lai. 

Long. 
72  49  E. 

Years 
Obs. 

32-62 

Kain. 
Inches. 

Authority. 

a,  Bombay 

18  54N. 

74-20 

India,  1878,  p.  118 

lat  Madras 

-    w    *    . 

10  46  N. 

76  45  E. 

16 

71-62 

India,  1878,  p.  120 

indnim 

130 

8  30N. 

77       K. 

8 

69*42 

Dove  Beitr&ge,  p.  100 

it,  Java 

«  *  «•  • 

6    1  S. 

106  46  h:. 

1 

71-42 

Bergsma,  1879,  p.  217 

»ang,  Jaya 

•  •  *  • 

6  45  S. 

1 1 1  20  K. 

1 

67-92 

Bergsma,  1879,  p.  219 

)linj>^>,  Java 

33 

7  44S. 

113  13  K. 

1 

67-84 

Bergsma,  1879,  p.  221 

ie  Kock,  Sumatra 

3041 

021s. 

100  28  E. 

1 

74-53 

Bergsma,  1 879,  p.  223 

.  Radja.  Sumatra 

••  •  »  A 

5  32  N. 

95  20  E. 

1 

53-27 

Bergsma.  1879,  p.  223 

Penang 

•••>** 

5  25N. 

100  19  K. 

6506 

Berghaus'  Ph.  Atlas 

[>.  China 

•  *  * 

22  15  N. 

1 13  34  E. 

■  V4' ' 

69-10 

Dove  Beitrage,  p.  102 

.  Japan 

66 

35  43  N. 

139  46  K. 

8 

65-3 

Zeitschrift,  v.  15,  p.  439 

PauloYsk 

40 

53    ON. 

158  39  E. 

3 

611 

Russian  Met.  Annalen 

ane.  N.  S.  W. 

.  •  • 

27  32  S. 

153    2  K. 

12 

50-5 

Haughton,  Ph.  Geog. 

y.  N.  S.  W. 

^  ■•  ^  B 

33  52  S. 

151  15  E. 

33 

5063 

Zeitschrift  v.  10,  p.  356 

s  Island.  Aust. 

135 

39  35  S. 

144    5E. 

5 

5866 

Zeitschrift,  v.  7,  p.  394 

ay,  Queensland 

200 

21  10  S. 

149    5E. 

4 

74-84 

Q.  J.  Met.  Soc.,  v.  7,  p.  9 

leonyiUe,  N.  Cal. 

■   ^  s 

21  30  S. 

166    OE. 

2 

63-39 

An.  Met  de  France,  1867 

n.  X.  Zealand 

18 

41  15  S. 

173  18  E. 

7 

61-60 

Zeitschrift,  v.  6,  p.  346 

laki,  N.  Zealand 

•  •   •  • 

39    2S. 

174    5E. 

9 

59-44 

Zeitschrift,  v.  6,  p.  345 

onul,  N.  Zealand 

-  •  •  - 

35  42  S. 

173  37  E. 

4 

58-14 

Zeitschrift,  v.  6,  p  346 

iigton,  N.  2^aland 

•  •  •  «• 

41  15  S. 

174  45  K. 

8 

51-60 

Zeitschrift  v.  6,  p.  345 

0,  West  Africa 

•  •  «•  - 

10       N. 

4       E. 

60- 

Johnston's  Af.,  p.  568 

own,  W.  Africa 

—  •  ^  ■ 

8  29N. 

13  15  W. 

69- 

Johnston's  Af.,  p.  668 

ijrre,  C.  Africa 



4  37  S. 

27  52  E. 

58- 

Johnston's  Af.,  p.  577 

bar,  East  Africa 

44 

5  45  S 

39  10  E. 

5" 

6102 

Q.J.  MetSoc,,  V.  6,  p.  32 

?.  West  Africa 

a    a     ■■     ■ 

7  31  X. 

3  28  E. 

1 

57-56 

Zeitschrift,  v.  13,  p.  416 

:>rau,  Caucasus 

75 

38  44  N. 

48  53  E. 

7 

51-74 

Koner,  v.  13,  p.  106 

s.  Caucasus 

—  *.  —  • 

42  -ON. 

42  50  E. 

7 

58-90 

Koner,  v.  13,  p.  1C6 

t  Kale,  Caucasus 

*      V       —      V 

42  16  N. 

41  36  E. 

60-36 

Koner,  v.  13,  p.  105 

sa,  Eu.  Turkey 

•   _   ^  a 

42  38  N. 

18    7  E. 

65-71 

Koner,  v.  13,  p.  107 

B.  Austria 

•    w    ^    ^ 

45  20  N. 

14  26  E. 

64-96 

Koner.  v.  13,  p.  107 

.ussee,  Alpfl 

_. 

47  38  N. 

1 3  47  E. 

66-22 

Koner,  v.  13,  p.  108 

?zzo,  Alps 



46  24  N. 

13    3E. 

74-65 

Koner,  v.  13,  p.  108 

jore,  Italy 

•        —      «B       W 

43  48  N. 

10  23  K. 

53-42  Koner,  v.  13,  p.  108 

thai,  Hanover 

V      M      B      » 

51  48  N. 

10  20  E. 

56-18 

Koner,  v.  13,  p.  108 

Alps 



47  41  N. 

10    3  E. 

54-84 

Koner,  v.  13,  p.  108 

i.  Italy 

*      W       V-        B 

44  25  N. 

H  56  K. 

5501 

Koner,  v.  13,  p.  168 

lenstadt.  Wurt. 

•  •    »  « 

48  28  N. 

8  22  E. 

>  B  ^  «  M 

65-95 

Koner,  v.  13,  p.  108 

1.  Baden 

... 

48  45  N. 

8  15E. 

56-85 

Koner,  v.  13,  p.  108 

berry,  France 



45  34  N. 

5  53E. 

•  **..• 

64-96 

Koner,  v.  13,  p.  108 

a,  Algeria 



30  40  N. 

5    5E. 

51-77 

Koner,  v.  13,  p.  108 

n,  Norway 

60  23  N. 

5  20  E. 

72-68 

Koner,  v.  13,  p.  106 

jres,  Pyrenees 

._..4249N. 

0  35  E. 

58-66 

Koner,  v.  13,  p.  107 

I  no,  Pyrenees 

43  30  N. 

1  30  W. 

56-30 

Koner,  v.  13,  p.  107 

ira,  Spnin 
igo,  Spain 

43    5  X. 

2  18  VV. 

51  18 

Koner,  v.  13,  p.  107 
Koner,  v.  13,  p.  107 

...  42  52  X. 

8  23  W. 

67-60 

o.  Portugal 



41     9N. 

8  36  AV. 

57-6H  Koner,  v.  13.  p.  107 

5e,  England 



54  ION. 

2    8W.! 

59-49  Koner.  v.  13,  p.  106 

ly,  Ireland 

..     53  17  N. 

9    4W. 

50-99  Koner,  v.  13,  p.  106 

havn,  Faroe 

...    <»2    2N. 

G  44  W. 



61-22   Danish  Met.  Obs. 

Azores 

....  37  40  >J. 

28  50  W. 

2 

5S-70  iZeitschrift,  v.  6,  p.  411 

•55  Content 

22  47  53  N. 

53  21  W. 

2 

54-3     Canada  Met  Obs. 

hns,  N.  F. 

150147  34  N. 

52  42  W. 

4 

51-9 

Canada  Met.  Obs. 

Bay,  N.  S. 

34  40  12  X. 

59  58  W. 

2 

50-2 

Canada  Met.  Obs. 

•y.  N.  S. 

37  46    8  N. 

60  10  AV. 

4 

50-6 

Canada  Met.  Obs. 

bn,  N.  B. 

150I45 17  y. 

66    3W. 

4 

50-2 

Canada  Met.  Obs. 

IX,  N.  S. 

122 

44  39  N. 

63  36  W. 

4 

54-3 

Canada  Met.  Obs. 

8 
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No. 

Station. 

Eler. 
Feet. 

100 

Lat. 
45    ON. 

Long. 

Years 
Obs. 

9 

Rain. 
Inches. 

282 

Peny,  Me. 

67    6W. 

50-29 

283 

Steuben,  Me. 

50 

44  31N. 

67  58  W. 

12 

53'36 

284 

Fayetteville,  Vt. 

280 

42  56  N. 

72  40  W. 

7 

5517 

285 

Southwick,  Ms. 

265  42    2N. 

72  48  VV. 

2 

52  50 

286 

Wallingford,  Ct. 

133  41  27  N. 

72  50  W. 

5 

5203 

287 

Ceres,  Penn. 

1440 

42    ON. 

78  25  W 

4 

54-78 

288 

Berwick,  Penn. 

583 

41    5N. 

76  15W. 

H 

56-32 

289 

Poplar  Grovo,  VV .  Va. 

720 

38  20  N. 

81  26  W. 

3 

55-84 

290 

Camdon,  S.  C. 

275 

.H4  17N. 

80  33  \V. 

8 

5056 

291 

Fulton,  S.  C. 

150 

33  40  N. 

80  31  W. 

7 

54-31 

292 

Sparta,  Ga. 

550 

33  17  N. 

83    9W. 

9 

5411 

293 

Culloden,  Ga. 

825 

32  51  N. 

84  13W. 

2 

64-24 

294 

Atlanta,  Ga. 

1050 

33  45  N. 

84  18  W. 

2 

58-43 

295 

Ft.  Barrancas,  Fla. 

20  30  21  N. 

87  18  W. 

8 

57-20 

296 

Jacksonville,  Flu. 

14 

30  20  N. 

81  39  AV. 

6 

52-72 

297 

Ft.  Brooks,  Fla. 

20 

28    ON. 

82  28  W. 

17 

53-63 

298 

Ft.  Pierce,  ¥!&. 

30 

27  30  N. 

80  20  W. 

^ 

58-02 

299 

Ft.  Myers,  Fla. 

50 

26  38  N. 

82    0  W. 

7 

56-55 

300 

Ft.  Dallas,  Fla. 

20 

25  55  N. 

80  20  W. 

H 

59  04 

301 

Huntsville,  Ala. 

600 

34  43  N. 

86  46  W. 

12 

54-88 

302 

Greensborough,  Ala. 

350 

32  40  X. 

87  34  W. 

16 

51-67 

303 

Monroe ville,  Ala. 

150 

31  33  N. 

87  25  VV. 

5 

60-89 

304 

Mt.  Vernon,  Ala. 

200 

31  12  N. 

88    2  W. 

15 

66-14 

305 

Columbus,  Mis. 

227 

33  30  N. 

88  28  W. 

6 

67-13 

306 

Natchez,  Mis. 

264 

3134N. 

91  25  W. 

18 

53-37 

307 

Jackson,  Mis. 

350 

32  23  N. 

90    8  VV. 

4 

54-60 

308 

Monroe,  La. 

100 

32  20  N. 

92  10  W. 

10 

54-00 

309 

West  Feliciana,  La. 

96 

30  38  N. 

91  20  W. 

13 

6134 

310 

Baton  Rouge,  La. 

41 

30  26  N. 

9118W. 

15 

6016 

311 

New  Orleans,  La. 

10 

29  57  N. 

90    IW. 

18 

51  03 

312 

Nashville,  Tenn. 

533 

36  ION. 

86  49  W. 

7 

52-02 

313 

Wasiiington,  Ark. 

660 

33  44  N. 

93  41  W. 

22 

54-50 

314 

Welchfield,  0. 

1205 

4123N. 

81  12  W. 

8i 

51-94 

316 

Sandwich,  111. 

665 

4131N. 

88  30  W. 

H 

50-17 

316 

Ft.  Towson,  Ind.  T. 

300 

34    ON. 

95  33  W. 

1     ^4 

51-08 

317 

Camp  Gaston,  Cul. 



41  ION. 

123  15  W. 

H 

62-20 

318 

Meadow  Valley,  Cal. 

4000 

40  20  N. 

120  15  W. 

H 

57  03 

319 

Ft.  Umpqua,  Or. 

8 

43  42  N. 

124  low. 

1     6 

67-41 

320 

Ft.  Hoskins,  Or. 



45    2N. 

123  32  W. 

6i 

66-71 

321 

Ft  Yamhill,  Or. 



45  21  N. 

123  30  W. 

9 

55-59 

322 

Ft.  Cascades,  Wash.  T. 



45  39  N. 

121  50  VV. 

1     3 

64-57 

323 

Ft.  Wrangell,  Alaska 

30 

56  ION. 

132  29  W. 

1     ••* 

60-5 

324 

St.  Paul  Kadiak,  Ah 

22'57  47  N. 

152  20  W. 

1 

72-9 

325 

Matsqui,  Br.  Col. 

5049    7N. 

122  16W. 

1 

6!-l 

326 

New  Westminster,  B.C. 

33 '49  12  N. 

122  53  W. 

2 

58-4 

327 

Hope,  Br.  Col. 

130  49  23  N. 

121  28  W. 

2 

53-6 

328 

St.  George's,  Bermuda 

123;^2  23  N. 

64  40  W. 

6i 

67-31 

329 

Nassau,  Baliamas 

...   '25    5N. 

77  21  W. 

2 

52-3 

330 

Matansas,  Cuba 

50  23    2N. 

81  38  W. 

1 

55-29 

331 

Tuxpam,  Mexico 

....  19    ON. 

97    7W. 

1 

62-7 

332 

Frontera,  Mexico 

12  18  32N. 

92  40  W. 

2 

72-51 

333 

Tortok,  W.  I. 

916  18  20N. 

64  32  W. 

65-n 

334 

Port  au  Prince,  Hayti 

171  18  37N. 

72  17  W. 

"iV 

60-96 

335 

San  Juan,  Portorico 

'18  20  N. 

65  39  VV. 

4 

55-26 

336 

Linstead,  Jamaica 

403118    7N. 

77    2W. 

2 

60-32 

337 

EUerslie,  Jamaica 

2000 

18    3N. 

70  45  W. 

2 

66-70 

338 

Chapelton,  Jamaica 

.... 

18    3N. 

77  17  W. 

5 

5611 

Aothorltj. 


Schott's  Tables,  p.  It 
Schott's  Tables,  p.  17 
Schott*s  Tables,  p.  19 
Schott's  Tables,  p.  31 
^^chott'8  Tables,  p.  23 
Schoti's  Tables,  p.  33  ,j 
Schott's  Tables,  p.  U 
Schott's  Tables,  p.  39 
Schott's  Tables,  p.  41 
Schott's  Tables,  p.  41 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  43 
Schott's  Tables,  p.  45 
Schott's  Tables,  p.  46 
Schott's  Tables,  p.  45 
Schott's  Tables,  p.  46 
Schott's  Tables,  p.  46 
Schott's  Tables,  p.  46 
Schott's  Tables,  p.  46 
Schott's  Tables,  p.  47 
Schott's  Tables,  p.  47 
Schott's  Tables,  p.  4t 
Schott's  Tables,  p.  4t 
Schott's  Tables,  p.  47 
Schott's  Tables,  p.  61 
I  Schott's  Tables,  p.  51   i 
I  Schott's  Tables,  p.  56 
iSchott's  Tables,  p.  61 
•Schott's  Tables,  p.  ^9 
j  Schott's  Tables,  p.  77 
Schott's  Tables,  p.  77 
Schott's  Tables,  p.  77 
Schott's  Tables,  p.  77 
Schott's  Tables,  p.  77 
Schott's  Tables,  p.  79 
Pacific  C.  Pilot,  p.  26 
Pacific  C.  Pilot,  p.  26 
Canada  Met.  Obs. 
Canada  Met.  Obs. 
Canada  Met.  Obs. 
Schott's  Tables,  p.  81 
Dove  Beitrago.  p.  93 
Schott's  Tables,  p.  81 
Mex.  Met.  Obs. 
Schott's  Tables,  p.  81 
Berghaus'  Ph.  Atlas 
Schott's  Tables,  p.  81 
Zeitsclirift,  v.  9,  p.  2%% 
Q.J.  MetSoc.,  V.  4,  p.  16 
Q.J.  Met.Soc.,  V.  4,  p.  16 
Q.J.  Met.Soc.,  V.  4,  p.  16 
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sutto-.- 

fS: 

Ul. 

Long. 

^ 

.5^,- 

AntborltT. 

ranulca 

650 

18    2N. 

76  44  W, 

4 

50-96 

Q.J.Met.Soc.,T.4,  p.  IS 

txnr,  Jwosicft 

17  68N. 

77  62  W, 

66-12 

Q.J.  Met-Soc.,  T,  4,  p.  16 

Poiiit,  Jamaica 

17  r,e  N. 

76  28  W. 

64'68 

Q.J.Met.8oo..v.4,  p.  It 

C^enl.  Am. 

17  2S  S. 

88  13  W. 

6 

72'35 

8chotl'BTablee,p.  81 

1  Pitre,  Guad. 

16  lU  N. 

61  32  W. 

19 

7162 

DoTB  Bcitriifce,  p.  92 

•1«.  C.  Am. 

iiise 

14  38N. 

90  28  W, 

4 

531 

ScLolt'HTiibieB.  p.  81 

»■,  W.  I. 

13  ION. 

59  37  W, 

26 

67-7 

Haiightou,  I'h.  Geog. 

inKSlown.  S.  V. 

13  13  N. 

60       W, 

67-16 

Dove  B*itrage,  p.  92 

t  W.  1. 

10  28  N. 

60  28  W. 

62'92 

Bei^haufi'  I'b.  Atlui 

IP.  CoBto  Bica 

3757 

»66N. 

84    OW. 

14 

58-7 

SsKen 

N.  Gren. 

7  22  S. 

72  SOW, 

6 

641 

Proc.  Br.  Mei  Soc.  v.  3 

1  25  a. 

48  30  W. 

1 

71-41 

Dove  BeitrSffB,  p.  90 

trazil 

"': 

3  52S. 

38  34W.      28 

62'a4 

Nature,  V.  18.  p.  384 

leiro.  Br^il 

23  oa 

43  1GW.;      61 

Dove  BeilriigB.  p,  94 

Chili 

"49  41613. 

73  13  W.|     3 

520L 

Zeit«chrift,v.  Il,p.l37 

Puuisb 

118  28  40  M. 

77  16E.  '28-29 

27-20 

Indiii,  1878.  p.  112 

w,  Uudli 

389,26  60  X 

81    OE.  1  8-11 

41  ■69 

India.  1878.  p.  114 

t,  N.  W.  Prov. 

267  26  20  N 

83    2  K.  1    22 

3992 

India,  1878,  p.  114 

Jomlmy 

.16  2!  13  N, 

72  46E.    10-16 

4274 

India.  1878,  p.  118 

.  C.  Pro». 

1026  21     9N. 

79  11  E. 

31-32 

43-43 

India.  1878,  p.  116 

BomiMy 

2(;n0  18  28K 

74  10  K. 

23 

30-41 

India.  1878.  p.  117 

«d 

17  27  N. 

78  40  E. 

10 

29-27 

India,  1878.  p.  117 

"22 

13    6S. 

80  17  E. 

66 

48'6I 

India.  1878.  p.  119 

opolT.  Madnw 

27S 

10  60  N. 

78  44E. 

25-27 

38-70 

India,  1878,  p.  119 

.  Kusaia 

66  27  N'. 

13B  26  E. 

4 

34-06 

Jtop.furMet.,v.l,p.l76 

.<li,  Japan 

"90 

41  47  N. 

140  46  E. 

4 

43-6 

FBciflc  C.  Pilot,  p.  26 

ima.  Japan 

666  as  27  N. 

139  40  E. 

41-7 

Annua  ire  Met.deFrance 

i.Chma 

...J3112N. 

131  26  E. 

42-21 

Bolletino  Meoa.,  v.  1 

200n'43    6N. 

44I9E. 

10 

38-94 

Rep.  fur  Met.,  v.l, p.  176 

itinople,  Turkey 

.-..41    2N. 

28  68  E. 

..... 

27-56 

Koner,  v.  13,  p.  108 

Syri. 

,...i33  54N. 

36  29  K. 

40-5 

Jahrb.  fUr  Met.,  1876 

org.  Swedm 

....'67  44N. 

12    OE. 

32-6S 

Kouer,  V.  13,  p.  106 

aa,  ecotland 

....,57    9X_ 

a  7w. 

29-44 

Koner,  v.  13,  p.  106 
Koner.  v.  13,  p,  106 

rgh,  S«.t1«l.d 

55  57N 

3i2W. 

27-00 

later.  llhiglaDd 

53  31N 

2  18W. 

34-06 

Koner,  *.  13,  p.  106 
Koner,  v.  13,  p.  106 

Ireland 

53  ■•}  S 

6iew. 

29-21 

reland 

61  65  X, 

8  26W. 

41-73 

Koner,  t.  13,  p.  106 

rg.  Oemnnr 

63  33  N- 

a58E. 

28-82 

Kouer,  Y.  13,  p.  106 

k  Holland 

'.'.'.'.52    6N 

6    BE. 

30-40 

Koner,  r.  13,  p.  106 

ith,  Ei.gl«,d 
rratica 

I50  22  N 

4   9W 

K^^r  ,  ^^  i,   inn 

....148  22  s 

4  20W. 

28-35  iKoner^  v!  13,^  106 

Franra 

... 'igaTS 

1    4E, 

26-59 

Kiner,  V.  13,  p.  107 

.Bavaria 

....48    BN 

1135E. 

29-09 

Koner.  T.  13,  p.  108 

^,  Auat 

'47  4flN 

13    OE. 

41-77 

Koner.  v.  13,  p.  108 

;  swiu. 

....4G21  S 

6  3a  E. 

29-63 

Kouer.  V.  13,  p.  108 

llaty 

SUE. 

38-04 

Koner,  V.  13,  p.  107 

Austria 

'!Il!4&39N 

13  49E. 

43-90 

Koner.  v.  13.  p.  107 

licr,  Prance 

...JM.15N 

3  53K. 

2SfU 

Koner,  V.  13.  p.  107 

Portugal 

;!8  43N 

310W 

26-77 

Koner.  v.  13,  p.  107 

e.  Italy 

....43  46N 

1116K. 

36-73 

Koner,  V.  13,  p.  107 

ttoly 

....4lfiiS 

12  29E. 

30-91 

Koner,  V.  13,  p.  107 

lUly 

....,40r,3N 

14  14  E. 

30-9D 

Koner,  V.  13.  p.  107 

jr.  Spain 

..,.i3H    7N 

6  20W 

29  73 

Koner,  v.  1.1,  p.  107 

,  N.  Africa 

...  |:i6.'.aN 

3    2K. 

31  10 

Koner.  V,  13,  p.  107 

,  AbyPBiT.ia 

....liauG.N 

37  31E. 

37-38 

,.  Njan^ 

D 

33      E. 

49- 

JohnBliQu'8AL,-s.Mi 
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liean  Annvat  Rain-faU  M  variom 

^ 

.„„... 

f^i\     I-'-     i     '-»•'■ 

''S^ 

iS^nV..'     '        Aothort.,. 



3 

395  ^KDRweolo,  C.  Africa 

li    'S.!  29    'k. 

396  UauHtiiu  iB. 

"".loiis.  1  fivaiK. 

3 

32-42  Iriovo  Beitrige,  p.  li 

-■iOaOIOS.I  6T30E. 

13 

a5'«3  Zeilachrift,  T.  7,  p. 

398,TcW,  Soutli  Africa 

251 

teiOS. '  33  30K. 

1 

33-55  ZeilaohrLft.  i.  1,  p. 

399  Port  de  France,  N.  Cal. 

SaSOiS.   160  39  K. 

2 

4Bi7iAn,Met.dePranw.1 

400  Uarilzhurg,  Nstal 

3086 

39  30  S. 

30   2E. 

10 

30-35  Q.J.SIet.Soc..T'7,; 

3370 

a9  38S, 

30  30K. 

3SBi;Q.J.Mei.So<:..v.7,| 

30 

29  56  8. 

30  65  K. 

9 

4421  !Q.J.M(t;toc,T.7,| 

40.l'Oltawii,  NaUl 

300 

29  38S. 

31    7  K. 

10 

38'9SjQ.J.Met.3oc.v.7.| 

«4Iturban,  Niitnl 

131 

29  60  8. 

31    OE. 

7 

42-08  Q.J.  Met.  Soo.,v.  7,1 

IDSlKiaR  WUiuim8t'D,S.Af. 

2100 

32  618. 

27  37  B. 

!0 

28-23  Q.J.Uet-Soc.,v.  7,1 

1800 

33  20  8. 

26  33  E. 

18 

28-73  Q.J.Uet.8oc.,T. 7.1 

407,CBpetowQ,  8.  At 

50 

33  53  8. 

1S29E. 

16 

26-77  g.J.  McL8oc..v.7,| 

iOSWjnl^rg,  S.  At. 

auo 

34    IS. 

18  28  K. 

42-6,-.  U.J.  Mel.!4oo.,T.l,| 

iOS&imorHei,  S.  At 

130 

34    8S. 

IS  &2  K. 

6 

26-0rQ.J.Met.Soc.,V.7,) 

34  12  8. 

18  2eK. 

29  26  1^..!.  Met.  Soc.,v.  7. 

*11  ML  Lohj,  B.  Au»t. 

34  66  8. 

138  Bl  K. 

12 

40-99  Ze!t«'lirifr,  ».  9,  p. ' 

412  Mt.  Barker,  8.  AL8t 

35    0  8. 

130    a  K. 

9 

37-33 'ZeitocIirift.y.B,  p. 

413  Kobeluu'Q.  S.  Auet. 

37    3  8. 

139  42  K. 

9 

2S+4  Z*il«chri(l,  V.  9,  p.' 

414  Penola,  S.  AubL 

37  33  S. 

140  59  K. 

31J-4"  (ZcilBchrirt.  v.  9.  p. 

37  51  .'^, 

140  53  K. 

9 

3.!-29  IZaitsclirift.  y.  B.  p. 

416 

Beechworth,  Victona 

36  24  -S. 

Ufi24E. 

^ 

29  29  Zeitwhrifl,  T.  7.  p. 

417 

Araml,  Viotoria 

1072 

37  18  S. 

142  54  E. 

3 

27-12'Zoit«-lji(t,T.  7,  p. 

4tS 

Bollanit.  Victoria 

143g 

37  36  S. 

143  B4E. 

81 

27-21  IZeliwIirift,  V.  T,  p. 

419 

Qabo  Uliind.  Viutoria 

40 

37  36  .S, 

149  64  K. 

ii 

34-60  IZdtBciirift.  T.  7,  p. 

420 

BiminyoiiK,  Victoria 

37  42  8, 

143  54  E. 

3 

26-03'ZBitwhrift,T.  7,  p. 

421 

'nii 

38  12  3. 

143  12  E. 

61 

30-48  ZHtaclirift,  v.  7.  p. 

432 

Portlaad,  Victoria 

37 

38  24  .S. 

141  36  K. 

7 

31-97  IZeitaohrift,!-.  7,  p. 

433 

Port  Albert,  Victoria 

30 

38  36  S. 

148  42  E. 

H 

35-59  'ZeitHihri/t,  t.  7,  p. 

424 

Molboiinic,  Victoria 

121 

38  48  S, 

145   OK. 

17 

27-46  iZiitwhrifl,  ¥.  7,  p. 

42^ 

Ctipo  rHivft)-,  Victoria 

38  64S. 

143  60  E. 

2i 

4363  Zcitsciirift.  t.  7,  p. 

426 

Kent's  Rroup.  Ih. 

280 

3S  29  S. 

I4J 16  K. 

6 

30-40  .Zt-iO-clirift.  y.  7,  p. 

427 

LniiiiraBtoii,  THSTnanla 

142 

41  27  S. 

14J    BE. 

31-97 

Zcit^chrift,  y.  7,  p. 

428 

^wBusea,  TaHBianin 

18 

43  as. 

148    6K. 

3 

■2697 

ZeiWchrift,  y.  7,  p. 

429 

Port  Arthur,  Taamsnlii 

43    9  8. 

147  54  E. 

B 

45-75 

Zeitfciiritl.  y.  7.  p. 

430 

South  BniDl,  THacaania 

260 

43  30  8. 

147  10  E. 

5 

40  48 

Z<.itaclirift  v.  7,  p. 

431 

Stykkisholm,  Iceland 

flfi    6K. 

23  4-1  W. 

35-85 

D.mi»h  Met.  Oba. 

432 

Beniflorci,  Iceland 

a4  40N. 

HI5W. 

._-.. 

40-74 

Paiiiflh  MeL  Obs. 

433 

BeikiaTift,  Icaland 

"36 

64    9N. 

!o    0\V. 

28-94 

Danish  Met  Obs. 

434 

Angra,  Azores 

38  38  N. 

27  15W. 

6 

43-17 

Zeit^brift.  y.  •!,  p. 

43G 

St.  Michnol,  Axorea 

37  45  S. 

25  16  W. 

31-40 

Pove  BeitraRC.  p.  H 

436 

Madeim  la. 

"m 

32  3UN. 

17  30  W. 

4 

37-5 

43  T 

FuQohfiL,  Madeira 

....:32aBN. 

l6Br.W. 

2931 

Zoitflcbrift,  V.  6.  p. 

43B 

1400128  12  N. 

16  39  W. 

4K3 

^nieh  Obs. 

439 

St.  Ilokiiu  la. 

nai'iBBsa. 

6  4S  W. 

47-77 

IloTC  Bt-itrige.  p.  9- 

440 
441 
442 

Godtliaab.  Grwnlflnd 

'lii  UN. 

61  46  tV. 

Daniah  Met.  Obs. 

Iviktut.  QreoDland 
Rurnali.  Labrador 

IBI  12  N. 

4B  1 1  W. 

49  37 

Danish  Met  Obs. 

16B8  54S. 

«2  69  \V. 

..-.. 

33-05 

l-Hiiadu  Met.  Obn. 

44; 

York  Factory,  Hud.  B 

S5  57    ON 

93  2(1  W 

29  8 

c-rinada  Met.  Ob«. 

St.  raulU.,  IrtringrSea 

50,57    7  N. 

170  18  W 

S 

35-00 

Parilic  C.  f  ilot  p.  i 

Moose  Faotorj,  Canada 

1I0'6I  16  N 

80  5fl  W 

3 

39-30 

Cnnudi.  Met.  Oba. 

446 

Poplar  tIei)(liU,  Canada 

....;60    5K 

97  SO  \V 

211-3 

I'nnadH  Met.  Obs. 

441 

OimIL  Canada 

72:t  60  37  .V 

96  S8  W 

1 

3B-75 

(;>Ln»da  Met.  Obn. 

44i 

Qiiobec.  Ciiuada 

....  464BN 

71  12W 

6 

Am.  .1.  Sci.  y.  12.  p 

Montreal,  Canada 

....|46  30N 

73  36  W 

9 

41-76 

Scbolt's  Tables 

45( 

Mar^uetie.  Miohigan 

...J4G33N 

STSSW 

12 

33-48 

Scliott'E  Tables 

4S1 

Dululh.  WiKondn 

4ejaN 

S3    8W 

S 

26-64 

SclioM'a  Tables 
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n  Anmtal  Bain-faUfar  vi 


It  'ttationa —  Qmtinutd. 


SUtloB. 

KS 

I.. 

uL  Uin. 

|44  65N. 

to,  rmada 

MI '43  39  N. 

ro.  N'.  T. 

2B0  43  as  N. 

nd.  Ma. 

181  4a  38  N. 

ilMbu. 

82  4a  22  N, 

Vork  City 

-...40  4JX. 

it.  MiFb. 

S9T  42  34  K. 

K>,riL 

....'4162N. 

a.  Xeb 

...-41  i6N. 

urgh.  Pa. 

40  32K. 

infrton.  D.  0. 

IIOSBSJK. 

iDsti.  Ohio 

....39    6N. 

uiA.  Mo. 

'.38  37N. 

rillc.  Ky. 

400,38  18  S. 

hl  v./ 

...  .13851  N. 

r!  Hill.  N.  C. 

....l»afi4N. 

(illp.  Tenn. 

1000.38  59  X. 

,hia  Tpdd. 

Z8J36    8N. 

il>*oi,.  iDd.  Ter. 

aG0  3n4HX. 

;f(on.  S.  C. 

25,32  47  .V, 

IS.  Ga. 

870 

33  57N. 

bDTjrh.  Mis. 

350 

saaaN. 

600 

29  ss  s. 

uiiOr. 

45  ao  N. 

umboldt,  Cal. 

"fiO 

40  4&  X. 

n'Tas.  Mbt. 

E5 

25  B2  K. 

aliiuk  Mex. 

4840 

28  3B  X. 

Inn,  Hex. 

249 

23!  IS. 

eca«L  Mm. 

BI8T 

23  44  N. 

.Mm. 

83A9 

21  25  M. 

Uex. 

G9ai 

21     G.V. 

jarc  Mex. 

7015 

19  31  S. 

a.  Wex. 

7112 

IB    3S. 

a.M«i. 

fi073 

n  3N, 

Jaians   Uei. 

ai  6  If. 

»ex. 

34^8 

ai  22  s. 

u.  S.  Prov. 

80 

28    5N 

omM,  W.  1. 

182IN 

nt.  Jan.aica 

"500 

18  21  N. 

utb.  Januiica 

18  23  X. 

1.S   SN' 

-s.  Jamai™ 

60 

18    3N 

(rie.  Jamflica 

360 

IK    IN. 

ramp.  Jamaica 

220 

17  CS  N 

r  Hall,  Jamaica 

J5 

17  56iN'. 

Cnu,  W.  I. 

17  45S. 

la.  W.  I. 

"" 

17  10  .V 

lo  la. 

12  1SN. 

>.  N.  Gren. 

H959 

4  40  X. 

LaPlata 

4920 

24  51  S. 

lan.  LaPlata 

1411 

SG  50  S. 

>a,  LaPlata 

1240 

31     OS. 

rideo.  La  Plata 

46 

■M  64  S. 

•  Arres.  LaPlata 

102 

14  .^0  S. 

Soi.  la. 

.„. 

17  32  S. 

80  3W. 
77  I  W, 
9A  2G  W, 
90  16  W. 
85  sa  W. 
76  IS  W, 
79  17  W. 
13  54  W. 


90    I 

95    TW.  20 

7B  60  W.  41 

83  as  W.  4 

nosGM-.  15 

98  25  W.  6 

122  -tl  W.  a 

124  lUW.  II 

BT  27  W.  6 

108  30  W.  3 


26-09  Schott'i  Tables 
35*17  Scholt's  Tables 
46'94  )*choU'B  Tables 
4883  Sdiotl'fl  Tables 
*l-44l8cliott'sTHbleB 
4321  Stliott's  Tables 
35'23>ohott'B  Tables 
3474  !Sig  Service  Obs, 
3!i02  Sihon'a  Tables 
36-64  Schotl'B  Tables 
3TflK  jScliOtl's  Tables 
44-50  Schott'n  Tablee 
42-18  Inchon's  Tables 
48-12  Sch.itl'a  Tables 
47-04  Schott's  Tables 
42-71  ."ellott's  Tahles 
39  76 'St'liott's  Tables 
44-25  ISchotl'g  Tables 
36-3T  Sehott's  Tatilea 
43-51  Sthott's  TBhles 
36-54  liehntl's  Tables 
48-H7  iSehotfe  Tables 
32-93  ':^hntl's  Tables 
47-fil  ':?cIiott'B  Tables 

35  92  Schoti'n  Tables 

36  74  |Se!iolt'B  Tahles 
25-44  p^hott'n  Tables 
33  84  llnternaiional  Obs. 
30-48  'Bol.  r,eog.,  v.  6,  p.  181 

Bol  Geo^.,  V.  5,  p.  IHl 

"  '   Ueog.,  V,  B,  p,  IBI 

Geog.,  V.  6,  p.  im 


34-12  B 


30-69 
37-44 
32-90  B 


Bol,  Geog,,  y.  5,  i 


(ieog., 


7.  6,  p. 


30  29  (J 


RevlBtMClira..v  ,,. 
Haughtoo'B  Ph.  Oeog. 
Sohott'a  Tables 
Schatt'B  Tablee 
Q.J.Mot.Soc..T.4.p,ie 
Q.J.  MBt..'^,.T.  4,p.  18 
Q.J-«et.Soc.,v.4.p.l6 
Q..r.Mot.Soc.,T.4.p.l8 

y.J.  VPt.!^OC.,T.4,p.l6 

Q,J.Met..^.K-.,v.4,p.l8 
:i9-K5lQ..T  Mi=t.Soc.,v.4,p.  18 
43-83  iQ.J.  MftSoe.,  v.4  p.  18 
44-6  ;Zeilacf,rifl,».  12,  p  341 
47-85  DoTO  Beitrige.  p.  92 
-JO-64  Berghaus'  Pli.  Atlas 
43-8  Hr.Met.9oc.,v.3,p.429 
44-98  IZeit8c!uill.y.  II,  p.  131 
41-73 'Zi-itselirifl,v.  11,  p.  137 
30-61   /.■iiB^liritl,  V.  II, p.  137 
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Mtan  Atmaai  Rain-faUfar  varioai  etatioia—ConUautd. 


No 

«.U0.. 

r«T 

t«. 

Loa,. 

^^T 

l^fr..               AnU.ortu. 

608 

Turukonek.  Siberia 

66  4B  N 

!tb    6E. 

1 

16-4     Mot.  AnuaJen 

603 

BoRoalovak,  Ural  Ut, 

'esti 

59  4GN 

69  69  K. 

30 

15  51   Repertoriom  fur 

610 

KaiBBeiiik,  RuBwa 

265 

5B  3T  N 

92    BK. 

7 

14-8 

Met.  ADDBleu 

Blairodiit,  UnJ  Mt. 

1349 

58ITN 

69  47  E. 

3 

11-7 

Met.  Annalen 

Gia 

Tobolsk,  HuBsb 

58  12N 

68  16  R. 

7 

17-82 

Met.  Annalen 

613 

NijneTaguil«k,UralM. 

730 

B7  55N 

5UB3K. 

20 

19-11 

Repertonum  fOi 

(>I4 

Irbit,  Ruseia 

67  41  N 

63    2K. 

6 

19-Ufl 

Met.  Annalen 

618 

"bSi'i 

56  48N 

no  36  E. 

31 

Met.  Aonalea 

416 

Tomik,  Ru8si» 

5B30K 

84  68  v.. 

* 

14-4 

Met.  Annalea 

fin 

Ischim.  KuBstn 

66   6N 

68  27  K. 

Si 

16-67 

Repertoriiin  tOr 

eiH 

iaai'i 

65  UN 

60  46  E. 

31 

18-11 

Repertorium  filr 

BI9 

Ouiak.  RtLBHia 

261 

64  58N. 

T3  20  E, 

Met.  Aonalen 

620 

tBBlair.  Rus^ 

1126 

B4  1SN. 

(.6  4TE. 

4 

T3-0 

Met.  Annalen 

fiSl 

Nikolsiwak,  Clilna 

82 

sa  I8N. 

140  45  E. 

6 

16-3 

MeL  Aunalen 

G22 

IrkutrJi,  Russia 

1614 

62  17  ». 

104  22  E. 

5 

17-5 

Met.  Anoalen 

623 

Oretiboure.  lluBsia 

230 

5146N. 

59    6IC. 

26 

n-G7 

Met.  Annalen 

b-l* 

NerWobinak.  Russia 

2230 

6118N, 

I19  36E. 

27 

1S'38 

Met.  AouaJen 

*2S 

BiBgo  wealBth  uck,  China 

50  16  N. 

127  3B  K. 

1.1-2 

Met.  Annalen 

626 

48  28  N. 

138    7K. 

1 

14-5 

Mot.  Aonnleo 

S2T 

ITrg^  Mongolia 

47  56  N. 

lOH  60  E. 

Met  Annalen 

628 

Vladivostok.  China 

"ie 

43    7N. 

131  64  E. 

Met  AnnalCD 

&2B 

Taselikont,  Tarti.rr 

1688 

4120N. 

69  18  E. 

6 

13-3 

MoL  Aunalen 

63n 

Pekio,  GMna 

100 

IflSSN. 

116  40  B. 

22 

24-9 

Met  Annalen 

631 

Tiectatii,  China 

39    IN. 

inioE. 

19-4 

Met.  Annalen 

G32 

Shien  Sheen,  China 

38nN. 

117  lOE. 

21-73 

Brfl.MenB.,r.  1. 

633 

Hhbhu,  Tiiniab 

33    IN. 

70  40  K. 

16-171  13-60 

India.  1878.  p.  11 

hii 

Shakpur,  Punjab 

32  20  X. 

72  24  K. 

24-26  14-99 

India,  1B78,  p,  11 

B3B 

Jhang,  Punjab 

31  16  N. 

72  1BK. 

16-17;  1210 

India,  1878.  p.  11 

636 

Monlfomery.  Piinjiib 

30  46  N. 

73  11  K. 

lft-19  10-45 

India,  IBT8,  p.  11 

S37 

Jodhpore,  Hajpiitana 

2n  16N. 

73    6E. 

5        13-ST 

India,  1878.  p.  II 

eas 

Umarkot,  Uonibny 

It  20  N, 

69  42  E. 

10-14111-75 

India,  1978.  p.  U 

63B 

Erinpoota.  KaiimtaiiB 

28  13  N. 

7.  aE. 

11     1  13-61 

India.  1dT8,  p.  11 

640 

Piteo,  Swedun 

6GinN. 

21 31  K. 

Koner,  v.  1 3,  p. 

541 

Ilernoaanii,  Sweden 

62  35  N. 

nesE. 

|2ri5 

Koner,  v.  13,  p. 

6*3 

Abo.  RuBsia 

60  37  N. 

22  17E. 

48      23-67 

Repertorium  fOr 

S43 

St.  Petereburg.  Russia 

""io 

68  66  S. 

30  18  E. 

31     1  17-67 

Repertorium  tiir 

644 

Stockhohn,  .Sn-pdcD 

„.. 

69  22  N. 

18   OE. 

....    1  15-79 

Koner.  r.  13,  p.  1 

646 

Kostroma,  Ruwia 

57  45N. 

40  6GE. 

11       1911 

G46 

Kalrour,  Sweden 

BS  37  N. 

16  20E. 

Il27ft 

Koner,  v.  13,  p.  1 

647 

Libau,  Russia 

56  30  N. 

21     IE. 

6      1 22-S5 

Repenoriiun  liir 

64S 

Eaean,  BuBaia 

'aso 

56  47N. 

49    7E. 

16    ,  13-B4 

Repertorium  fur 

MS 

fork,  Koglnnd 

63G8N. 

1    5W. 

.  _..  24-06KonerT.13,p.: 

660 

Samara,  Russia 

BSION 

50    2E. 

10    lieOBlRoperloriuiDffir 

561 

Berlin.  Prussia 

■■.2  31  N. 

13  21  E. 

23-&1  IKoner,  T.  13.  p. 

662 

Warsaw,  Rudsia 

'430 

62  13  N. 

21     1  E. 

33 

22-70  Repertorium  Tiir 

663 

Kourak,  Russia 

JOU 

61  4-1  N. 

36I4E. 

18 

664 

LoudOD,  l':iigland 

Dl  30  .V. 

0    0 

24  67  .Koncr,  1.  13,  p. 

665 

Bona,  aermany 

'i0  4aN. 

7    3E. 

23-43  iKoner.  v.  13,  p.  " 

656 

Prag,  Austtia 

10    6»f. 

14  23  E. 

15-35  IKoncr.  V.  13,  p.  i 

661 

Pane,  Franco 

48  60  N. 

120E. 

20-08  Koner,  v.  13,  p.  ; 

fi5S 

Vienna,  Austria 

48:2N. 

16  20E. 

19-33  iKoner,  v.  13.  p.  1 

669 

Odeaaa.  Russia 

147 

46  26  S. 

30  44  R. 

"is" 

13-08  ,Hei«rtoriunifiir 

660 

Toiaoiise.  t'ranofl 

43  35  N. 

12HE. 

23-02  iKoner.v.  13,  p.  1 

661 

Tiflis.  Cau.'asua 

iBon 

41  41  N. 

44  50  E. 

'"24" 

19-26  Ropertorium  lur 

662 

Baku,  CsuciiHuB 

40  42N. 

48C3K. 

17 

10-06  Repertorium  fiir 

663 

Palenno,  Sicily 

18    7N. 

13I9E. 

..... 

23-69  Konor,  v.  13,  p. 

664 

Uoromiah,  Peraia 

7;m 

J7  2SN. 

46    8E. 

21-51 

ARi.J.9ci.,v.20, 
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Mean  Annual  Rain-fcMfar  various  stations — Continued. 


station. 

Elev. 
Feet. 

1680 

Lat. 

Long. 

Years 
Obt. 

10 

Kaln. 
Inchefl. 

doHd.  Spain 

41  39N 

4  43  W. 

11-97 

?ete,  Spain 
Real,  Spain 

2251 

39    Ol^J. 

1  51  W. 

9 

13-15 

2246 

38  59N. 

3  55  W. 

9 

12-44 

la,  Spain 

98 

37  22  N. 

6    OW. 

10 

1201 

North  Africa 

164 

35  41N. 

0  39W. 

27 

20-60 

^em,  Palestine 

2500 

3146N. 

35  13E. 

5 

18-83 

i,  Senegal 

«  *  «  * 

14  40N. 

17  31  W. 

8 

210 

oois,  Senegal 



15  33  N. 

16  30  W. 

7 

16-06 

tiansborg,   W.  Af. 

45 

5  35N.      0  16W. 

9 

22-71 

.QldeLoanda^W.A. 

•  •  *  • 

8  48S. 

13  13E. 

13-5 

Uorao  Hill.S.Aust. 

»  M  ■>  > 

27  28  S.   135  30  E.  | 

"  Vo 

23-50 

id,  S.  Africa 

4400 

30  43  S. 

25  40  E. 

14 

22-86 

fontein,  S.  Africa 

4000 

31  40  S. 

23  10  E, 

7 

10-67 

?r  NeVs  Poort,S.A. 

3000 

32  14S. 

23    4E. 

6 

10-06 

■eater.  S.  Africa 

780 

33  40  S. 

19  27E. 

13 

14-29 

Elizabeth,  S.  Af. 

180 

33  57  S. 

25  37  E. 

13 

24-36 

el  Bay,  S.  Africa 

100 

34  lis.     22  10E. 

6 

16-72 

ingai,  S.  Anst. 

•  «  »  « 

33  42S.  138  59  E. 

11 

18-19 

loda,  S.  Aust 

«  •  A  . 

34  20S.   139    OE. 

9 

18-70 

akie,  S.  Anst. 



34  40  S. 

138  46E. 

34 

21-38 

h^ilbjn,  S.  Aust. 

-  -  •  - 

35    8S.   138  57  E. 

17-84 

ica,  Victoria 

280 

36    6  S.  1144  48  K. 

2 

15-95 

:epenoug,  Victoria 

464 

36  42S.  I142  30E. 

3 

17-80 

hurst  Victoria 

779 

36  48  S. 

144    6E. 

6 

24  06 

hcote,  Victoria 

789 

36  54  S. 

144  42  E. 

6 

23-14 

lemain,  Victoria 

942 

37    6S  il44  18E. 

3 

21-22 

ong,  Victoria 

96 

38  12S.  I144  24E. 

3 

20-95 

•e  Island 

26 

40  18  S. 

147  45  E. 

5 

20-05 

[1*8  Island 

106 

40  44S. 

148  10  E. 

5 

22-64 

ftrttown,  Tasmania 

37 

42  52  S. 

147  21  E. 

30 

2305 

isey,  Iceland 



66  34N.    18    3W. 

19-87 

mirik,  Greenland 



72  47N.    56    0  \V. 

11-74 

lok.  Greenland 

iio 

64  30N.    51  low. 
63  28  N. '  161  48  W. 

13  02 

fichaeVs,  Alaska 

•3 

11-30 

Don.  Canada 

2978 

51    6  N.  121  48  W. 

1 

11-6 

)et,  Canada 

W     •     «i     « 

50  42  N.  122    2W. 

2 

11-5 

iloops.  Canada 

1150 

50  41  N.  120  28  W. 

1 

120 

ice's  Bridge,  Can. 

760 

50  25  N. 

121  HOW. 

3 

10-1 

inagan,  Canada 



50  23  N. 

119  27  W. 

1 

13-2 

la  Lake,  Canada 

2100 

50  16  N. 

120  43  W. 

2 

10-3 

on,  Canada 

500 

50  14N.|12137  W. 

1 

17-2 

Britain,  Canada 

«  «  »  * 

50    6N.!  96  57W. 

1 

18-2 

:wood,  Canada 



50    6N. 

97  12  W. 

1 

20-04 

nipeg,  Canada 

740 

49  55  N. 

97    7  W. 

4 

201 

costi  I.,  Canada 

20 

49  24  N. 

63  36  W. 

4 

210 

japway,  Idaho 

••WW*. 

46  18  N. 

116  54  W. 

3 

1700 

LbercTombie,  Dak. 

A    B  ^   w 

46  27N.;  90  28W. 

7 

17-34 

lackinaw,  Mich. 

728 

45  61  N. 

84  33  W. 

13 

23-96 

telles,  Oregon 

360]45  36  N. 

120  55  W. 

12 

21  74 

tandall,  Dakota 

1245 

43    IN. 

98  12  W. 

9 

1651 

uramie,  Wyom.  T. 

4519 

42  12N. 

104  31  W. 

12 

1516 

'rook,  Cal. 

3390!41    6N. 

121  25  W. 

8 

23-68 

Lake  City,  Utah 

4320 

40  46  N. 

112    6W. 

6 

23-85 

tiley,  Kansas 

1300 

39    3N. 

96  35  W. 

14 

2362 

imento,  Cal. 

82138  34  N. 

121  28  W. 

18 

19-56 

Prancisco,  Cal. 

140;37  48  N. 

122  27  W. 

13 

20-17 

Cassachosetts,  Col. 

8365 

i37  32  N. 

105  23  W. 

5 

17-06 

Authority. 


Anuario  del  Obs.,  1879 
Anuario  del  Obs.,  1879 
Anuario  del  Obs.,  1879 
Anuario  del  Obs ,  1879 
An.  Met.  de  France 
J.  Met.  Soc.,  Oct.  1867 
Haughton,  Ph.  G«og. 
Zeitschrift,  v.  8,  p.  348 
Obs.  Met.,  1829-42 
Johnston's  Af.,  p.  582 
Zeitschrift.  v.  9,  p.  202 
Q.  J.  Met.  Soc,  V.  7,  p.  5 
Q.  J.  Met.  Soc.,  V.  7,  p.  5 
Q.  J.  Met.  Soc,  V.  7,  p.  5 
Q.  J.  Met.  Soc,  V.  7,  p.  5 
Q.  J.  Met.  Soc,  V.  7,  p.  5 
Q.  J.  Met.  Soc,  V.  7,  p.  5 
Zeitschrift,  v.  9,  p.  202 
Zeitschrift,  v.  9,  p.  202 
Zeitschrift,  v.  9,  p.  202 
Zeitschrift,  v.  9,  p.  202 
Zeitschrift,  v.  7,  p.  293 
Zeitschria  v.  7,  p.  293 
Zeitschrift,  v.  7,  p.  293 
Zeitschrift,  v.  7,  p.  293 
Zeitschrift,  v.  7,  p.  293 
Zeitschrift,  v.  7,  p.  293 
Zeitschrift,  v.  7,  p.  394 
Zeitschrift;,  v.  7,  p.  394 
Zeitschrift,  v.  7,  p.  394 
Danish  Met.  Obs. 
Danish  Met.  Obs. 
Danish  Met  Obs. 
Pacific  C.  Pilot,  p.  26 
Canada  Met.  Obs. 
Canada  Met.  Obs. 
Canada  Met.  Obs. 
Canada  Met  Obs. 
Canada  Met.  Obs. 
Canada  Met.  Obs. 
Canada  Met  Obs. 
Canada  Met.  Obs. 
(lanada  Met  Obs. 
Canada  Met  Obs. 
Canada  Met.  Obs. 
Schott's  Tables 
Schott's  Tables 
v^chott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
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Mean  Annual  Rain-faUfor  various  atatkma — Continutd, 


No. 


station. 


622  Ft.  Marcy,  N.  Mexico 

623  Ft.  Craig,  N.  Mexico 

624  Ft.  Thom,  N.  Mexico 

625  Ft.  Davis,  Texas 

626  Ft.  Clark,  Texas 

627  Ft.  Duncan,  Texas 

628  Ft.  Mcintosh,  Texas 

629  Ringgold  Barracks, Tex. 

630  Sombrero,  W.  I. 

631  San  Louis  Potosi,  Mex. 

632  Pabellon,  Mexico 

633  Honolulu,  Sand.  Is. 

634  Mexico  City 

635  Valparaiso,  Chili 

636  Santiago,  Chili 
637iTalca,  Chili 
638|Bahia  Blanca,  LaPlata 
639  Falkland  Is. 


640 

641 

642 

64:{ 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 

661 

662 

663 

664 

665 

666 

6H7 

668 

669 

H70| 

671 

672| 

673 

674' 

675; 

676 

677i 


Punta  Arenas 

Yakutsk,  Liberia 
Okhotsk,  Siberia 
Bamaoul,  Russia 
Akmolinsk,  Russia 
Ssomipalatinsk,  Russia 
Kjachta,   Russia 
Irgis,  Tartary 
ABtrakhau,  Russia 
Raimsk,  Russia 
Fort  No.  1,  Russia 
Sevastopol,  Russia 
Novo  Petrowsk,  Russia 
Niikust,  Russia 
Petro  .Vlexandrovsk 
Aralych,  Russia 
Leh,  Kashmir 
Dora  Ismail  Khan 
Multan,  Punjab 
Dera  Ghazi  Khan 
Muzaffargarh 
Jaoobabad,  Bombay 
Shikarpore,  Bombay 
jRohri,  Bombay 
Sehwan,  Bombay 
Hyderabad,  Bombay 
Kurrachee,  Bombay 
Tatta,  Bombay 
Biscara,  Algeria 
Bagdad,  Turkey 
Alexandria,  Kgypt 
Cairo,  Egypt 
Keneh,  Ej^ypt 
Mourzouk,  Fezzan 
Thebes,  Egypt 
Kotreo,  Sind 
Stuart's  Creek,  S.  Aust. 
Arrowie,  S.  Aust. 


Eifcv.      ,   . 
Feet.       L**- 

6846  35  41  N. 
4576  33  26  N. 
4500  32  47  N. 
4700  30  26  N. 
1000  29  17  N. 
14<)0  28  42  N. 

806  27  30  N". 

521  26  23N. 
45  18  37N 
6202  22  9  N. 
6314  22  4N. 

21  16N. 

7474  19  25  N. 

151  33  6S. 
1919  33  28  S. 

344  35  26  S. 
62  38  42  S. 

5141  S. 

33  53  12  S. 


Long. 


Yean 

Obi. 


299 

12 

400 

843 

598 

2525 

367 

55 

149 
160 
100 
216 
326 
2600 
11538 
572 
420 


185 


134 

49 

350 
623 


62  2N. 
59  20  N. 
53  20  N. 
51  12  N. 
50  24  N. 
50  20  N. 
48  37  N. 
46  2 1  N. 
46  4N. 
45  46  N. 
44  36  N. 
44  27  N. 
42  27  X. 
41  28  N. 
39  53  N. 
34  10  N\ 

32  ON. 
31  ION. 
30  5N. 

30  4N. 
28  24  N. 

28  ON. 
27  38  N. 
20  31  N. 

25  25  N. 
24  47  N. 

24  46  N. 
.34  51  N. 

33  21  N. 

31  12  N. 
30  2N. 

26  39  N. 

25  54  N. 
25  43  N. 
25  20  N. 

29  44  S. 

30  51  S. 


106  1' 

107  8 
107  21 
103  37 
100  25 
100  30 

99  29 

98  47 
63  27 

100  58 
102  11 
157  59 

99  5 
7140 

70  48 

71  0 
61  45 
57  51 
71    0 


W 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W. 

W, 

W. 

W. 

W. 

W. 


12 

9 

5 

6 

8 

10 

9 

10 

2 

1 

1 


129  45  E. 
142  40  E. 

83  57  E. 

71  23  E. 

80  13  E. 
106  35  E. 

61  16  E. 

48    5  E. 

61  47  E. 

62  7  E. 
33  31  E. 
50  8  E. 
59  37  K. 
61  5  E. 
44  31  E. 
77  42  E. 
71  5  E. 
71  33  E. 

70  49  E. 

71  16  E. 
68  1 8  E. 
68.39  E. 
68  55  E. 

67  48  E. 

68  27  E. 

67  4  E. 

68  OE. 
5  40E. 

44  22  E. 
29  52  E. 

31  15  E. 

32  45  E. 
14  12  E. 
32  35  E. 
68  14  E. 

138  23  E. 

139  55  E. 


14 

5 

19 

4 

15 

3 

8 


3 

30 
5 
4 
2 
9 
7 

li 
4 

16 

8 

4 

4 

4 

3 
16-17 

21 
16-17 
18-19 

18 
14-16 
17-18 
13-14 
12-16 
22-23 

10 


10 


1 
I 


Rain. 
Inches. 


16-65 

11  67 

14-63 

18-71 

22-38 

21-23 

17-84 

21-32 

16-84 

15-7 

171 

220 

24-7 

13-50 

1410 

19-87 

17-72 

'^0-33 

22-55 


Anthoritj. 


Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Schott's  Tables 
Boletin  de  Geog., 
Boletin  de  Geog., 
Guyot's  Ph.  Giwf. 
Ha  ugh  ton,  Ph. 
Zeitschrift,  V.  11,^ 
Zeitschrift,  V.  ll,p,| 
Zeitschrift,  v.  11, 
Zeitschrift,  V.  11, 
Q.J.  MetSocOctil 
Zeitschrift,  v.  11,  ptj 


9-      Guyot's  Ph.  Geog. 
4-53  Pacific  C.  Pilot,  p. 
9-05  Repertorium  fiir 
9*2     Met.  Anualen 
7-7     \fet.  Annalen 
8*9     Met  Annalen 
6*3     Met.  Annalen 
4-89  Repertorium  fiir 
5*99  Dove  Beitrage,  p. 
3-5     Met  Annalen 
9-05  Repertorium  fiir 
5-03  Repertorium  fiir 
3-1     Met.  Annalen 
2  8     Met  innalen 
6-04  Repertorium  fiir  Miil 
1-32  India,  1878,  p.  Ill 
9-28  India,  1878.  p.  HI 
7-52  India,  1878,  p.  Ill 
7-39  India,  1878.  p.  HI 
6-36  India,  1878,  p.  Ill 
4-86  India,  1878,  p.  118 
5-43  India,  1878,  p.  118 
6-35  India,  1878,  p.  118 
8-50  India,  1878,  p.  118 
8-28  India,  1878.  p.  118 
7-61  India,  1878,  p.  118 
9-00  India,  1878,  p.  118 
8-58   Koner,  v.  13,  p.  lOT 
60     Kuner,  v.  13,  p.  10" 
8-46  Zeitschrift  v.  1 2,  p. 
1-31    Arago  Melanges,  p. 
0        Johnaton's  Af.,  p.  £ 
0        Gehler,  v.  7.  p.  12& 
0        Wilkinson's  Eg3rpt, 
0        Phil.Trans.,  1850.p- 
9-70  Todd's  Met  Obs.,  p. 
8-99  Todd's  Met  Obs.,  p 
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Mean  Annual  Rain-fail  / 

TT  various  aiaUona—  Concluded. 

Button. 

Elev. 
Feet. 

Lat. 

31       S. 

Long. 

Tears 
ObB. 

Kain. 
Inches. 

Antborlty. 

richina,  S.  Aust. 

139     '  E. 

5 

870 

Zeitschrift,  v.  9,  p.  202 

alpa.  S.  Aust 



31    OS.   139  45  K. 

1 

9-63 

Todd's  Met.  Obs.,  p.  126 

k.  I?.  Aust. 

7  3145S.  |128  59E. 

1 

6-37 

Todd's  Met.  Obs.,  p.  126 

fika.  S.  Aust. 

|32  10S,  ;i38  25E. 

4 

9-65 

Zeitschrift,  v.  9,  p.  202 

Augusta,  S.  Aust. 

....  32  29S. 

137  45  E. 

19 

8  60    Todd's  Met.  Obs.,  p.  1 26 

na,  N:  S.  Wales 



34    5S. 

141  30  E. 

1 

6-93 

Todd'sMet.  Obs.,p.  126 

worth,  N.S.  Wales 

34    5  S.   141  42  E. 

1 

9-43 

Todd's  Met.  Obs.,  p.  126 

lanca,  Spain 

""J4113N. 

5  43  W. 

.  _  _  •  — 

9-45 

Koner,  v.  13,  p.  107 

nra.  Algeria 

134  40  N. 

0  20  W^ 

1 

8-5      An.  Met.  de  France. 

?t,  Algeria 

.  North  Africa 

I30  50N. 

3  39  W'. 

0        Johnston's  Af.,  p.  562 
0        JGehler,  v.  7,  p.  1251 

!28  39N. 

6  46  W. 

..... 

asion  Is. 

^  ^  ^  • 

7  55  S. 

14  28  W- . 

.  3  3     iChartsof  Met  DaU 

>9havn,  Greenland 

....  69  13N. 

60  55  W. 

..... 

8-42  i  Danish  Obs. 

Rae,  Canada 

62  40N. 

115  low. 

6-05 

Can.  Met.  Obs.,  1876 

olville,  Wash.  T. 

48  42N. 

118    2W. 

4 

9-83 

Schott's  Tables 

ridger,  Utah 

6656  41  20  N.  110  23  W. 

6 

6-12 

Schott's  Tables 

►  Floyd,  Utah 

4860  40  13  N. 

112    8W. 

n 

7-34  iSchott's  Tables 

hurchill,  Nev. 

4284  39  17N. 

119  19  W. 

n 

5-67    Schott's  Tables 

arland.  Col. 

8365  37  32  N. 

105  40  W. 

6 

61)   iSchott's  Tables 

quint,  Utah 

37  n  N.ill3  50  W. 

2i 

8-38  iSchott's  Tables 

►  Burgwin,  X.  Mex. 

;36  26N.!105  26W. 

6 

8  65 

Schott's  Tables 

querque.  N.  Mex. 

5032  35    6  N.  106  38  W. 

12 

8-12 

Schott's  Tables 

iojave,  Arizona 

604  35    6N.  114  35  W. 

2 

2-51 

Schott's  Tables 

TO.  N.  Mex. 

4560  34  10  X.  100  50  W. 

2 

7-88    Schott's  Tables 

onrad,  N.  Mex. 

4576  33  34  X.  107    9  W. 

4 

6-76  iSchott's  Tables 

'uma,  Cal. 

200  32  44  N.'.  114  36  W. 

10 

3-46    Schott's  Tables 

an  Diego,  Cal. 

150  32  42  X. 

117  14W. 

13 

916    Schott's  Tables 

illmore,  N.  Mex. 

3937  32  14  X.  106  15  W. 

8 

8-42    Schott's  Tables 

rti«s,  Texas 

3830  31  47  X.  106  30  W. 

8 

9-56    Schott's  Tables 

^litman,  Texas 

3710  30  40  X.  105    0  W. 

2 

6-26    Schott's  Tables 

;ina 

:10  27N.    64  15W- 

7-52    Gehler,  v.  7,  p.  1311 
0         Arago's  Met.  Essays 
0         Muhry  Uebersicht,p.28 

I,  Peru 

530  12    0  S. 

77    2W. 

"ama 

22  36S. 

68  40  \\\ 

a|K),  Chili 

82  27  38  S. 

70  38W. 

"I" 

0-32    Zeitschrift,  v.  1 1 ,  p.  1 37 

^rena.  Chili 

82  29  56  S. 

71  16  W. 

4 

0-51    Zeitschrift,v.  ll,p.  137 

dosa.  La  Plata 

2559 

33    OS. 

69  24  W. 

4 

6-97   IZeitschrift,v.ll,p.  137 

!'he  first  column  in  the  table  contains  the  reference  number ; 
imn  second  gives  the  name  of  the  station  ;  column  third 
es  its  elevation  above  tlie  .<ea  expressed  in  English  feet.  For 
ly  stations  the  elevation  is  not  given,  and  where  the  figure 
:  inserted  it  is  to  be  understood  as  signifying  that  the  station 
3at  little  elevated  above  sea-level.  .  Columns  four  and  five 
e  the  latitude  and  longitude  of  the  station  from  Greenwich  ; 
arnn  sixth  shows  the  number  of  years  of  observation  repre- 
ted ;  column  seventh  shows  the  mean  annual  rain-fall 
pressed  in  English  inches;  and  column  eighth  gives  the 
hority  for  the  results.  In  the  last  column,  India,  1878, 
ids  for  Blan ford's  Report  on  the  Meteorology  of  India  in 
8;  Bergsma,  1879,  stands  for  Bergsma's  Report  on  the  rain- 
in  the  East  Indian  Archipelago  for  1S79:  Hanghton  Ph. 
>g.,  slands  for  Ilaughton's  Lectures  on  Physical  Geography  ; 
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Koner,  stands  for  Koner's  Zeitschrift  der  Gesellschaft  fur  Erdr 
kunde  zu  Berlin;  Q.  J.  Met  Soc,  slands  for  Quarterly  Journal  i 
of  the  London  Meteorological  Society;  Zeitschrift,  stands  f<«: 
Zeitschrift  der  cisterreichischen  Gesellschaft  fiir  Meteorologie* 
Aa.  Met.  de  France,  stands  for  Annuaire  Meteorologique  dela 
France ;  Dove  Beitrage,  stands  for  Kliinalologische  BeitrSge 
von  H.  W.  Dove,  1857 ;  Schott's  tables,  stands  for  Tables  of 
the  precipitation  in  rain  and  snbw  in  the  United  States,  bj  ( 
Charles  A.  Schott,  1872 ;   Repertorium  fiir  Met.,   stands  for  i 
Repertorium  fiir  Meteorologie,  Band  L,  redijirt  von  Dr.  Hein- 
rich  Wild,  St.  Petersburg;  Met.  Annalen,  stands  for  Annalen 
der  Physiktilischen   central   Observatoriums,    St   Pelersbui^; 
Bol.  Geog.,  stands  for  Boletin  de  la  Socicdad  de  Geografia  y 
Estadistica  de  la  Republica  Mexicana;  Revista  Clina.,  stands  for 
Revista  mensual  Climatologica. 

Cases  of  excessive  rain-fall. 

The  rain-fall  at  Cherapunji  (No.  1),  is  very  much  greater 
than  at  any  other  known  station,  and  nearly  all  of  this  rain 
falls  during  the  warmer  months  of  the  year.  In  the  following 
table,  rolumn  second  shows  the  average  rain-fall  at  Cherapunji 
for  each  month  of  the  year;  column  third  shows  the  average 
direction  of  the  wind  at  Calcutta,  and  column  fourth  shows  ita 
average  direction  at  Chittagong,  situated  at  the  head  of  the 
Bay  of  Bengal : 


lUln 
Chera- 
panjl. 

Jan. 

073 

Feb. 

2-76 

Mar. 

705 

April 

May 

Jiiue 

30-63 

5109 

114-70 

WlndM 

Winds 

Calcutta. 

Chllta^ong. 

N.  38°  W. 

N.  26"  V\^ 

&  81     W. 

N.  40    W. 

8.  32    W. 

8.  60     \N\ 

S.     3     W. 

S.  13    W. 

s.  1 1    p:. 

S.     7     W. 

S."  4    E. 

S.  30    K. 

I  July 
AuR. 
Sept. 
Oct. 
Nov. 
Dec. 


KalD 
Chera- 


133-54 

77-31 

58-01 

1402 

2-50 

Oil 


Winds 
CalcntU. 


Winds 
ChlUagoBf. 


8.  ir  E. 

S.  17    R 

S.  27    E. 

N.  48 

N.  17 


W. 
W. 


N.  26    W. 


S.  42"  B. 

S.  31    E. 

S.  27    E. 
N. 19    W. 
N.  19    W. 
N.  24    W. 


Thus  we  see  that  ninety-five  per  cent  of  the  annual  rain  at 
Cherapunji  falls  during  the  six  months  from  April  to  Septem- 
ber, inclusive;  and  during  these  months  the  average  wind  at 
Calcutta  and  Chittagong  is  from  the  south,  while  during  most 
of  the  other  six  months  of  the  year  the  average  wind  is  from 
the  northwest. 

Cherapunji  is  situated  on  the  Khasi  Hills,  200  miles  north  of 
Chittagong,  and  at  an  elevaiion  of  4125  feet  above  the  sea. 
When  the  wind  in  the  Bay  of  Bengal  blows  from  the  south, 
rain  falls  almost  incessantly  on  the  Khasi  Hills;  and  when  the 
wind  changes  to  the  west  or  northwest,  the  rain  ceases  almost 
entirelv.  These  facts  indicate  that  the  rainfall  is  due  to  an 
upward  deflection  of  the  winds  as  they  encounter  a  range  of 
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moantains,  and  the  precipitation  of  the  vapor  is  due  not  to  any 
special  coldness  of  the  mountain,  but  to  the  cold  of  elevation  ; 
aod  the  extraordinary  amount  of  the  rain-fall  is  due  to  an  unu- 
sual oombination  of  circumstances,  viz:  1.  The  high  tempera- 
tnre  of  the  air.  (During  the  months,  April  to  September,  the 
mean  temperature  of  the  air  at  Calcutta  is  8i°*4  F.,  and  at 
Chittagong,  81°"9.)  2.  Its  great  humidity  coming  directly  from 
the  Indian  Ocean.  (During  the  months,  April  to  September, 
the  average  relative  humidity  of  the  air  at  Chittagong  is  84.) 
8.  The  proximity  of  the  mountains  to  the  ocean  and  the 
abruptness  of  their  elevation. 

At  stations  2  and  S  the  rain  fall  occurs  with  the  same  sys- 
tem of  winds  as  at  No.  1. 

Noe.  4-7  are  situated  on  the  west  coast  of  Hindostan.  on  the 

» 

range  of  mountains  parallel  with  the  coast,  and  98  per  cent  of 
all  the  rain  at  these  stations  falls  during  the  five  months  from 
June  to  September,  inclusive,  during  the  prevalence  of  the 
southwest  monsoon. 

Nos.  8  to  10  are  situated  on  the  island  of  Java,  and  the  rain 
ia distributed  pretty  uniformly  through  the  different  months  of 
:  the  year.  A  chain  of  mountains  extends  through  the  center  of 
this  island  from  west  to  east,  with  peaks  varying  in  height  from 
4,000  to  12,000  feet  No.  11  is  on  the  west  coast  of  the  island 
of  Sumatra.  This  island  has  mountains  rising  to  the  height  of 
14,000  or  15,000  feet.  No.  12  is  also  situated  on  a  mountain- 
ous island.  The  last  five  stations  during  half  of  the  year  are 
within  the  limits  of  the  southeast  trade  winds,  but  during  the 
remainder  of  the  year  the  winds  blow  from  the  west  or  south- 
west. No.  13  is  situated  on  an  island  with  mountains  over 
6,000  feet  high,  and  abundant  rains  occur  in  all  months  of  the 
year.  No.  14  is  near  the  belt  of  calms  which  separate  the 
northeast  from  the  southeast  trade  winds. 

B  we  institute  a  similar  comparison  of  the  subsequent  cases 
m  the  table  as  far  as  No.  204  we  shall  find  that  they  may  be 
classified  as  follows: 

1.  Stations  on  the  north  and  east  of  the  Bay  of  Bengal, 
where  the  rain  comes  almost  wholly  with  the  southwest  mon- 
soon, viz:  Nos.  1-3,  15-21,  42-54,  120-138. 

2.  Stations  on  the  west  and  south  part  of  Hindostan  and 
Cejlon  (including  a  few  interior  stations),  where  the  rain  is  also 
confined  almost  entirely  to  the  southwest  monsoon,  viz:  Nos. 
4-7, 22-26.  55-71,  139-148. 

3.  Islands  situated  within  the  tropics  (including  a  few  sta- 
tions in  China,  Australia  and  New  Zealand),  generally  having 
fflodntains rising  to  a  height  of  several  thousand  feet,  viz:  Nos. 
8-13,  27-35,  72-103,  149-183. 
4.  Stations  on  the  eastern  coast  of  the  American  continent, 

Am.  Jour.  Sci.— Third  Series,  Vol.  XXni,  No.  183.— January,  1882. 
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chiefly  within  the  limits  of  the  trade  winds,  including  a  fe' 
mountain  stations  somewhat  distant  from  the  coast,  viz :  Noj 
14,  36-39,  104-110,  184-191. 

5.  Elevated  stations  in  different  parts  of  Europe  includin, 
the  northwest  part  of  England,  the  west  of  Scotland,  th 
coast  of  Portugal,  Norway,  etc.,  viz :  Nos.  40  and  41,  111-113 
192-194. 

6.  Stations  on  the  west  coast  of  Africa,  including  one  in  th* 
interior,  viz:  Nos.  114-116,  195  and  196. 

7.  Stations  on  the  west  coast  of  North  America,  viz :  Nos 
117-119.  197-204. 

# 

The  table  shows  204  stations  at  which  the  mean  annual  rain 
fall  exceeds  75  English  inches.  We  see  that  some  of  these  sta 
tions  are  elevated  more  than  2,000  feet  above  the  sea,  am 
nearly  all  of  them  are  situated  within  100  or  200  miles  of  eleva 
ted  mountains,  and  the  rain  chiefly  occurs  when  the  wind  fron 
the  ocean  is  blowing  toward  these  mountains.  There  appear 
no  room  for  doubt  that  the  extraordinary  rain-fall  at  most  o 
these  stations  is  due  to  the  influence  of  the  mountains  by  whicl 
the  wind  is  deflected  upward  to  such  a  height  that  a  considei 
able  portion  of  the  contained  vapor  is  condensed  by  the  cold  o 
elevation. 

Cases  of  deficient  rain-fall. 

Among  the  group  of  cases  in  the  table  having  a  mean  annua 
rain-fall  of  less  than  10  inches,  the  most  remarkable  example  i 
No.  689.     This  station  is  on  a  small  but  mountainous  islani 


Longitude  trom.  Greenwich. 

Latitude. 

40*  to  85°. 

SS'  to  80-. 

30^  to  25'. 

25'  to  2Xf. 

20^  to  15^ 

15=  to  W 

20°  to  18'  N. 

3 

2 

I 

0 

0 

18    to     16 

3 

2 

1 

1 

0 

16    to     U 

1 

3 

2 

2 

1 

14    to    12 

2 

3 

3 

3 

1 

12    to    10 

4 

5 

6 

6 

5 

10    to      8 

9 

9 

12 

11 

8 

8    to      6 

7 

13 

17 

15 

10 

12 

6    to      4 

8 

15 

17 

18 

11 

8 

4    to      2  N. 

6 

10 

15 

15 

11 

4 

2    to      0 

3 

11 

7 

9 

7 

2 

0    to      2  S. 

5 

6 

5 

4 

3 

0 

2    to      4 

1 

5 

6 

5 

2 

0 

4    to      6 

* 

5 

4 

3 

2 

1 

6    to      8 

♦ 

5 

2                   4 

1 

1 

8    to    10  S. 

* 

5 

3                   1 

0 

1 

situated  in  the  middle  of  the  Atlantic  Ocean  in  latitude  7°  bi 
S.  In  order  to  determine  whether  the  small  rain-fall  at  thi 
station  is  due  to  local  causes,  1  have  prepared  a  table  showin 
the  distribution  of  rain  in  that  part  of  the  Atlantic  Ocean  siti 
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ated  between  the  meridians  of  10  and  40  degrees  west  from 
Greenwich,  and  between  the  parallels  of  20°  N.  lat.  and  10°  S. 
lat  This  table  is  derived  from  a  work  entitled  "Meteorolog- 
ical Data/'  published  by  authority  of  the  Meteorological  Com- 
mittee of  the  Koyal  Society  of  London,  and  the  figures  repre- 
sent the  number  of  rains  corresponding  to  a  hundred  observa- 
tions of  the  wind  reported  in  the  l«g-books  examined. 

The  stars  in  the  table  denote  squares  covered  by  land.  From 
this  table  we  see  that  a  little  north  of  the  equator,  there  is  a  belt 
several  degrees  in  breadth,  within  which  there  is  a  remarkable 
persistence  of  rainy  days,  and  at  a  distance  of  a  few  degrees  on 
each  side  of  this  belt,  rain  rarely  occurs.  The  following  table 
is  constructed  upon  a  plan  similar  to  the  preceding,  and  shows 
for  each  month  of  the  year  the  average  number  of  rains  corres- 
ponding to  a  hundred  wind  observations  between  the  meridians 
of  20°  and  30°  west  from  Greenwich. 

Rains  on  the  Atlantic  Ocean  from  20°  to  30°  West  Longitude, 


UUtQde. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
0 

Sept. 

Oct. 

Nov. 

Dec. 

20"'tol8'"N. 

I 

0 

0 

0 

0 

0 

0 

2 

0 

1 

18  to  16 

I 

0 

0 

0 

0 

0 

I 

2 

4 

2 

1 

16  to  U 

0 

0 

0 

0 

0 

0 

0 

10 

4 

2 

2 

Uto  12 

0 

0 

0 

0 

0 

0 

5 

13 

9 

7 

3 

12  to  10 

1 

0 

0 

0 

1 

2 

13 

18 

14 

12 

5 

10  to   9 

3 

0 

0 

0 

3 

8 

23 

27 

22 

20 

14 

5 

9to   8 

0 

0 

0 

0 

3 

20 

28 

28 

20 

20 

21 

6 

8to   7 

8 

0 

0 

1 

6 

28 

31 

20 

18 

27 

28 

16 

t  to   6 

U 

2 

1 

I 

13 

30 

25 

15 

17 

22 

27 

23 

6  to   5 

19 

3 

8 

9 

24 

26 

13 

8 

18 

26 

25 

21 

5to   i 

25 

14 

16 

19 

30 

23 

4 

2 

15 

24 

26 

18 

4  to   3 

32 

23 

19 

25 

26 

18 

6 

1 

8 

16 

16 

16 

3to   2 

22 

26 

26 

23 

20 

8 

1 

1 

2 

6 

8 

6 

2  to    IN. 

25 

23 

18 

19 

13 

2 

2 

1 

0 

3 

4 

5 

1  to   0 

19 

14 

12 

17 

9 

0 

0 

0 

0 

1 

3 

6 

Oto   2S. 

5 

8 

10 

12 

9 

1 

1 

0 

0 

1 

2 

2 

2to   4 

4 

7 

10 

13 

10 

5 

3 

2 

0 

2 

2 

2 

4to   6 

3 

2 

6 

6 

3 

5 

4 

1 

0 

2 

1 

0 

6to   8 

1 

4 

8 

6 

4 

2 

3 

0 

4 

2 

0 

0 

8  to  10  S. 

1 

1 

0 

0 

4 

4 

0 

2 

6 

1 

0 

0 

We  see  from  this  table  that  the  center  of  the  belt  of  rain 
oscillates  from  about  2°  N.  latitude  near  the  close  of  winter,  to 
P^X.iatiJude  near  the  close  of  summer,  and  the  belt  is  6°  or  7° 
in  breadth.     This  belt  corresponds  to  the  region  of  calms  be- 
tween the  N.E.  and  S.E.  trade  winds  where  the  upward  move- 
ment of  these  winds  takes  place.     From  these  tables,  con)bined 
with  the  information  derived  from  Maury's  Pilot  Charts  and 
from  other  sources,  we  learn  that  in  mid-ocean,  between  the  N. 
E  and  S.E.  trade  winds  there  is  a  belt  of  calms  where  the  rain- 
fall is  excessive,  but  that  within  the  limits  of  the  trade  winds, 
SiS  long  as  these  winds  maintain  their  usual  course,  rain  is  of 
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rare  occurrence.  Beyond  the  limits  of  the  trade  winds,  rains 
increase  in  frequency ;  and  in  the  Atlantic  Ocean  beyond  lati- 
tude 45®  N.  or  40°  S.  they  are  as  frequent  as  within  the  belt  of 
equatorial  calms.  This  statement  explains  the  small  rain-fall 
at  the  island  of  Ascension,  which  lies  within  the  S.E.  trades, 
and  we  see  that  a  small  rain-fall  does  not  prove  that  the  air  of 
the  place  is  dry,  but  simplj^that  there  is  no  cause  sufficient  to 
produce  a  strong  upward  movement  of  the  atmosphere.  The 
principle  here  developed  is  the  most  important  one  which 
affects  the  amount  of  rain-fall  at  different  places,  viz:  that  ex- 
cessive rain-fall  results  from  an  unusually  strong  and  pensistent 
upward  motion  of  the  atmosphere,  while  a  deficient  rain-fall 
results  mainly  from  the  absence  of  this  upward  motion.  The 
atmosphere  always  contains  vapor,  even  in  the  midst  of  deserts, 
and  during  periods  of  unusual  drouth,  and  a  strong  upward 
movement  of  the  dryest  atmosphere  would  precipitate  a  por- 
tion of  its  vapor  in  the  form  of  rain  or  snow.  This  principle 
affords  (in  part  but  not  wholly)  the  explanation  of  the  rainless 
regions  of  the  globe. 

Another  cause  of  deficient  rain-fall  which  is  frequently 
exemplified  is  this:  if  by  the  interposition  of  a  chain  of  ele- 
vated mountains  a  current  of  air  is  forced  upward  to  a  great 
height  and  its  vapor  is  condensed,  when  the  air  subsequently 
descends  upon  the  other  side  of  the  mountain  and  comes  under 
greater  pressure,  its  temperature  is  raised  and  the  air  becomes 
very  dry.  Such  an  efifect  is  produced  by  the  chain  of  the 
Kocky  Mountains,  as  I  have  shown  in  my  13th  paper.  A  sim- 
ilar effect  is  observed  wherever  there  is  an  extensive  movement 
of  the  atmosphere  over  a  long  chain  of  elevated  mountains. 
These  principles  will  assist  in  explaining  most  of  the  rain-less 
districts  of  the  globe.  The  Great  Desert  which  stretches  from 
the  Atlantic  Ocean  across  Northern  Africa  and  Southern  Asia 
to  the  Indus,  is  situated  within  the  N.E.  trade  winds,  within 
which,  as  we  have  seen,  very  little  rain  falls  in  the  midst  of  the 
Atlantic  Ocean.  The  principal  rain-belt  of  Africa  corresponds 
pretty  nearly  with  the  rain -belt  which  we  have  found  on  the 
Atlantic  Ocean  a  little  north  of  the  equator,  but  its  latitude  is 
somewhat  affected  by  the  position  of  the  ranges  of  mountains. 
The  Great  Desert  of  Gobi  is  in  part  caused  by  the  drying  efiect 
of  the  Himalaya  Mountains  upon  the  southwest  winds  which 
have  traversed  them.  It  is  believed  however  to  be  due  in  part 
to  the  operation  of  another  principle  which  may  be  stated  as 
follows :  In  order  that  a  strong  upward  movement  of  the  atmos- 
phere may  prevail  over  any  district,  it  is  necessary  that  the 
neighboring  air  should  flow  freely  toward  this  district.  What- 
ever impedes  the  flow  of  air  from  neighboring  regions  must 
obstruct  the  upward   movement  at  the  point  first  supposed. 
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Jach  an  effect  may  be  produced  by  an  obstructing  range  of 
Dountains,  and  if  a  district  is  completely  surrounded  by  ranees 
i  mountains,  any  strong  upward  movement  of  the  air  over  this 
lislrict  seems  impossible,  unless  from  currents  of  air  prevailing 
It  an  elevation  greater  than  the  summits  of  the  surrounding 
nountains.  Spain  affords  a  remarkable  example  of  the  opera- 
ion  of  this  principle.  This  country  is  divided  by  numerous 
ibains  of  mountains,  one  of  which  upon  the  north  and  north- 
rest  sides  condenses  the  vapor  coming  in  from  the  ocean,  and 
)resents  a  continuous  belt  of  excessive  rain-fall.  But  between 
be  different  ranges  of  mountains  which  travei*se  this  country 
ire  small  table  lands  almost  entirely  surrounded  by  mountain 
anges,  and  these  regions  are  marked  by  a  great  deficiency  of 
ain.  One  of  these  is  in  the  neighborhood  of  Salamanca,  where 
he  mean  rainfaH  is  only  9*45  inches,  although  at  Santiago, 
listant  less  than  200  miles,  the  average  annual  rain-fall  amounts 
0  67*60  inches.  The  extreme  dryness  at  Salamanca  does  not 
ieem  to  be  due  entirely  to  the  great  rain-fall  upon  the  moun- 
ains  situated  on  the  western  coast,  because  in  many  other  parts 
){ Europe  (e.  g.  the  coast  of  Norway)  a  similar  rain-fall  upon  a 
range  of  mountains  is  not  accompanied  by  an  equal  dryness 
upon  the  eastern  side  of  the  mountains.  The  dryness  which 
prevails  over  the  desert  of  Gobi  is  doubtless  due  in  a  great 
measure  to  the  extreme  precipitation  upon  the  elevated  moun- 
tains on  the  southwest,  but  this  effect  is  aggravated  by  the  in- 
fluence of  the  other  mountain  ranges  by  which  Gobi  is  almost 
entirely  surrounded.  The  small  rain-fall  which  prevails  on  the 
east  side  of  the  Caspian  Sea,  is  in  part  due  to  the  influence  of 
the  Caucasus  and  other  mountains  on  the  southwest;  but  this 
effect  is  aggravated,  as  in  the  case  of  Gobi,  by  the  mountains 
and  high  lands  which  enclose  this  region  on  every  side  except 
the  northwest.  The  small  rain-fall  in  Peru  is  obviouslygthe 
effect  of  the  Andes  upon  the  easterly  winds  which  blow  over 
them. 

The  small  rainfall  which  prevails  in  Southern  California  and 
from  thence  northward  to  Salt  Lake,  is  due  to  the  same  causes 
which  have  been  already  explained,  but  their  application  is 
somewhat  modified  by  the  physical  features  of  the  country. 
Southern  California  lies  in  the  same  latitude  as  the  northern 
wrtion  of  the  Great  Desert  of  Sahara.  The  prevalent  winds 
lere  are  similar  to  those  near  the  northern  margin  of  the  Sa- 
lara,  and  if  a  great  continent  stretched  eastward  from  South- 
rn  California  without  any  considerable  range  of  mountains,  it 
{  believed  that  it  would  show  an  immense  desert  similar  to  the 
abara.  The  small  breadth  of  the  American  continent  south 
f  latitude  30°,  together  with  the  continuous  chain  of  moun- 
ins  which  forms  ihe  great  back  bone  of  the  American  conti- 
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nent,  prevents  the  eastward  extension  of  this  desert  But 
while  the  chain  of  the  Rocky  Mountains  limits  the  desert 
region  on  the  east,  the  desert  is  extended  northward  to  Salt 
Lake  by  the  influence  of  the  mountain  ranges  on  the  east  and 
west  sides,  operating  in  the  mode  already  explained  in  the  case 
of  the  desert  of  Gobi. 

The  following  are  believed  to  be  the  principal  causes  of 
excessive  rain-fall: 

1.  The  meeting  of  the  northeast  and  southeast  trade  winds 
resulting  in  a  great  rain-belt  surrounding  the  globe. 

2.  The  irregular  barometric  depressions  of  the  middle  lati- 
tudes. The  average  track  of  great  barometric  depressions  is 
not  as  distinctly  marked  by  an  excess  of  rain-fall  as  might  be 
expected  ;  nevertheless  storm  tracks  exhibit  a  tendency  to 
incline  toward  districts  where  the  rain-fall  i^  unusually  great, 
a  g.  Newfoundland,  Iceland,  coast  of  Norway,  North  Italy,  etc. 

3.  Mountain  ranges  causing  increased  rain-fall  on  the  side 
from  which  the  prevalent  wind  proceeds,  as  shown  on  pages 
16-18. 

4.  Proximity  to  the  ocean,  especially  when  the  prevalent 
wind  comes  from  the  ocean,  e.  g.  Western  Europe;  eastern 
coast  of  South  America,  Africa  and  Australia. 

5.  Capes  and  headlands  projecting  considerably  into  the 
ocean  generally  receive  a  greater  rain-fall  than  neighboring  dis- 
tricts, e.  g.  Cape  Hatteras,  Newfoundland,  southwest  coast  of 
Ireland  and  England,  Cape  of  Good  Hope,  etc. 

The  following  are  some  of  the  causes  of  deficient  rain-fall : 

1.  A  nearly  uniform  direction  of  the  winds  throughout  the 
year,  such  as  prevails  within  a  portion  of  the  system  of  the 
trade  winds,  especially  in  mid-ocean,  and  to  some  extent  over 
the  continents;  e.  g.  Ascension  Island,  the  Sahara,  Southern 
California,  South  Africa  and  Australia. 

2.  The  prevalent  wind,  having  passed  over  a  range  of  ele- 
vated mountains,  descends  upon  the  leeward  side,  e.  g.  desert 
of  Gobi,  Tartary,  Chili,  North  America  east  of  the  Rockj 
Mountains,  central  portion  of  Spain,  etc. 

3.  Ranges  of  mountains  so  situated  as  to  obstruct  the  free 
movement  of  the  surface  winds  toward  a  central  region,  e.  g. 
desert  of  Gobi,  Tartary,  Southern  California,  Salamanca  in 
Spain,  etc. 

4.  Remoteness  from  the  ocean  measured  in  the  direction  from 
which  the  prevalent  wind  proceeds.  There  is  a  marked  dimi- 
nution in  the  mean  annual  rain-fall  as  we  advance  eastward 
from  Western  Europe.  A  similar  effect  is  noticeable  in  many 
other  parts  of  the  world,  but  it  is  generally  complicated  by  the 
combination  of  other  causes. 

5.  High  latitude.     Beyond  the  parallel  of  60°  N.  latitude,  at 
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a  little  distance  from  the  ocean,  the  mean  annual  rain-fall  sel- 
dom much  exceeds  10  inches ;  and  there  are  apparently  regions 
of  great  extent  in  Asia  and  North  America  where  the  annual 
rain-fall  is  less  than  10  inches. 

When  we  attempt  to  explain  in  detail  the  peculiarities  of  the 
win-fall  in  all   parts  of  the  world,  we  find  some  perplexing 
cases.    The  principles  above  stated  naturally  lead  us  to  infer 
that  in  the  United  States  on  the  west  side  of  the  Alleghany 
Mountains  the  rain-fall  should  be  greater  than  the  average, 
and  on   the  east   side    it  should   be   less   than   the   average. 
Scbotts  map  of  rain-fall  does  not  indicate  such  an  effect  very 
distinctly,  and  some  may  hence  conclude  that  the  laws  above 
stated  cannot  be  general.     It  may  be  urged  in  reply  that  the 
slope  of  these  mountains  is  generally  quite  gradual,  and  that 
the  eflFect  of  elevation   is  less  than  it  would  be  if  the  ascent 
were  more  precipitous;  also  that  the  proximity  to  the  ocean 
probably   baJances  in  some  degree  the  deficiency  of  rain-fall 
which  would  otherwise  exist  on  the  eastern  side.     Neverthe- 
less it  seems  incredible  that  this  range  should  not  exert  a  pal- 
pable influence  on   the  amount  of  the  rain-fall,  particularly 
between  the  parallels  of  34"  and  38°.     Such  an  influence  is 
somewhat  obscurely  indicated    by  Schott's  map  of   rain-fall 
(1880).     That  the  indications  are  not  more  palpable  I  ascribe 
to  the  following  circumstances.     1.  The  observations  at  the 
different  stations  compared  were  made  on  different  years.     2. 
The  observations  were  generally  made  by  volunteer  observers, 
and  no  uniform  system  of  observation  was  maintained  either 
with  respect  to  the  form  of  the  gauge,  its  height  above  the 
ground,  freedom  of  exposure  and  the  mode  of  measuring  the 
rain  and  snow ;  hence  as  might  be  expected  the  observations 
show  excessive  anomalies.     3.  The  stations  employed  were  de- 
termined entirely  by  the  convenience  of  the  observers,  and 
their  location  is  not  well  adapted  to  indicate  the  influence  of 
this  mountain   range.      Among  all    the   stations  reported   in 
Schott's  Tables  (1872)  the  highest  one,  east  of  the  Mississippi 
River,  is  Somerset,  Pa.  (height  2195  feet);  there  are  four  sta- 
tions of  2000  feet  elevation ;  one  of  1720  feet,  one  of  1530 
feet  and  one  of  1502  feet,  and  these  are  all  the  stations  (8  in 
oamber)  whose  height  exceeds  1500  feet.     If  a  sufficient  num- 
ber of  suitable  stations  were  selected,  and  observations  were 
continued  for  a  few  years,  it  is  not  doubted  that  they  would 
show  that  the  Alleghanv  Mountains  exert  an  appreciable  influ- 
ence on  the  amount  of  tlie  annual  rain-fall.    It  is  not,  however, 
believed  that  this  influence  is  as  decided  as  that  of  the  moun- 
tains on   the  northwest   coast   of   America,   or   those  on   the 
coast  of  Norway.     The  Alleghany  Mountains  correspond  more 
n^rly  to  the  Ural  Mountains  in  Eussia,  whose  influence  upon 
;he  rain-fall  is  small,  but  nevertheless  appreciable. 
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M'/iiht  Wfii-.liin;/t/>ri  in  New  Hampshire  exerts  a  marked  in- 
Wmui't'  lih'/n  i\ii*  r.un'UiW,  Here  the  mean  annual  precipitation 
IM  Vy  iiirlii'.-,  v/hil'-,  in  ihf;  Hurroijnding  districts  the  mean  ao- 
hiiiil  fiill  I-  only  10  in^^heK  'I'he  general  features  of  the  rain- 
hill  Mi  Nuiih  AuM'A'H'M  <:onfonii  closely  to  the  principles  above 
rhmicJMl.M'l,  Mn<i  it  \w  l>(rli(!V(;d  that  most  of  the  anomalies  which 
iiitw  I'Kihi.  will  iliM{i|)|n;Hr  wh(?ii  we  obtain  more  accurate  obser- 
viiliniiti  rKii'inliri}.'  ovf^r  longer  p<;riods  of  time. 

'riiti  ili^tiiliuiii)n  of  ihti  raiii-riill  in  Western  and  Southern 
h!uitipn   prcMriiiM  .snum  |)(*ruliiiritios  the  cause  of  which  is  not 
vorv  oliviiMiH.     'riin)»iv;lM>ut  a  c.onaiderable  portion  of  France, 
lurliiiliit^*.  iiioNi  of  ilu«  wcstcni  coast,  the  annual  rain-fall  is  less 
Udiii  *.*.»  ihi  ln'rt,  Miiil  alMuit  Paris  it  is  loss  than  20  inches.     This 
huiall  lain  lull  tnav  Im*  ilur  in  part  lo  the  small  elevation  of  this 
\li-liaM   al'ovo  Mi'u  li»vt»!.   luit   appaivntly  it  is  also  connected 
with   lilt'  iiMMjii'o  paihs  of  stonn  oontVi^s.     Near  the  coast  of 
lMH\»pi\   siouu  ooMiors  i;oiu'rallv  pass  north  of  Scotland;  and 
iluvM'   wliwli   pass  souih  v»t'  Kn^huul  appear  to  i  noli  he  towards 
\\w  uKMiMi.im  lanu^^  oi   North  Spain  ana  Switzerland,  thereby^ 
Um\  »px;  o\  xi  Ki.uiv-x'  a  iVi^u^n  whoro  barvMiiotrio  minima  are  com  - 
p.iv.»i!\v'!\    !'/0\*\(iu'ii'..      Huri^arv   alsv^  is   a   district   of   small 
\A\\\  (.i!\    .:•.•? Mrvi'x     rvsuIiJ'.ti;   t'n^v.i   il'-o  mv'^uniain   ranges  b^^ 
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braciDg  only  a  short  period  of  time  when  it  was  thought  that  a 
longer  series  of  observations  would  cause  the  anomalies  to  dis- 
appear. If  any  person  whose  attention  is  attracted  to  this  map 
shoald  discover  in  it  serious  defects,  he  is  urgently  solicited  to 
communicate  to  me  the  observation^  which  indicate  these  de- 
fects. In  my  next  paper  I  propose  to  publish  all  additional 
observations  of  rainfall  which  I  may  be  able  to  obtain  ;  and  if 
the  present  map  should  be  found  greatly  in  error,  I  intend  to 
issue  a  revised  edition  of  it. 


\ 


Art.  n. — Post'  Glacial  Joints ;  by  G.  K.  Gilbert. 

The  following  communication  is  based  upon  observations 
made  by  the  writer  as  a  member  of  the  United  States  Geo- 
logical Survey. 

The  Sevier  Desert  lies  in  Utah,  immediately  south  of  the 
Great  Salt  Lake  Desert.  Each  is  a  fiat,  white  plain,  sur- 
rounded by  mountains,  and  each  has  its  salt  lake  filling  its 
lowest  depression.  The  mountains  are  all  ridges  with  axes 
trending  north  and  south,  and  those  which  lie  between  the 
plains  are  separated  from  each  other  by  trough-like  valleys 
through  which  one  may  travel  from  desert  to  desert  without 
great  ascent.  During  the  Glacial  Epoch  both  deserts  were 
ooyered  by  water,  and  the  two  fioods  were  united  by  a  series  of 
straits  so  as  to  make  a  single  lake — the  Lake  Bonneville  of 
geologists.  From  this  were  thrown  down  a  series  of  fine  sedi- 
ments— clays  and  marls — which  now  constitute  the  floors  of  the 
deserts.  When  the  climate  changed  at  the  close  of  the  Gla- 
cial Epoch  the  water  gradually  dried  away,  and  as  it  fell  there 
came  a  time  when  the  bottom  of  the  deepest  strait  was  laid 
hare  and  the  lake  was  divided  into  two — the  representatives 
respectively  of  Great  Salt  Lake  and  Sevier  Lake.  Their  sepa- 
ration was  not,  however,  at  first  complete,  for  Great  Salt  Lake 
fell  the  more  rapidly,  and  there  was  a  transition  epoch  during 
fbich  Sevier  Lake  overflowed  to  Great  Salt  Lake.  A  channel 
of  outflow  was  eroded  in  the  lake  sediments,  cutting  them  to  a 
depth  of  more  than  one  hundred  feet;  and  this  channel  is 
plainly  to  be  traced  at  the  present  time.     Indeed  it  is  so  con- 

IicQOus  a  topographic  feature  that  it  has  been  named  by  trav- 
srs  the  "Old  Kiver  Bed,"  and -a  stage   station  on   the  old 
overland  road  was  called  *'Eiver-bed  Station." 

One  day  last  summer  I  stood  on  a  rocky  butte  which  springs 
from  the  Salt  Lake  Desert  at  its  southern  margin  just  at  the 
brink  of  the  Old  Kiver  Bed.  Behind  meat  the  south  there 
were  other  rocky  buttes,  and  beyond  them  mountains ;    and 
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before  me  the  desert  stretched  for  a  hundred  miles — dk  white; 
glaring  plain,  interrupted  here  and  there  bj  insular  rocky 
ridges,  but  for  the  most  part  as  smooth  as  a  floor  and  almost  as 
bare.  Through  it  the  Old  River  Bed  meandered  for  twenty 
miles,  a  solitary  and  abandoned  water-course.  As  I  gazed  my 
attention  was  caught  by  a  peculiarity  of  the  farther,  bank  of  the 
river-bed,  at  a  point  two  miles  away.  The  scant  rains  of  to-day 
are  washing  the  silt  of  the  plain  from  either  side  into  the 
ancient  channel,  and  are  at  the  same  time  eroding  small  lateral 
channels.  The  peculiarity  which  attracted  my  attention  was 
the  parallelism  and  straigntness  of  a  group  of  these  small  lat- 
eral channels,  and  a  brief  inspection  led  to  the  conviction  that 
their  arrangement  was  too  systematic  to  be  fortuitous.  Other 
duties  prevented  me  from  making  a  closer  examination,  hut 
my  companion  and  assistant,  Mr.  Israel  C.  Russell,  was  enabled 
to  do  so  the  following  day,  and  he  found  that  the  details  of  the 
drainage  were  controlled  by  a  compound  and  extended  system 
of  joints.  The  principal  series  trend  almost  precisely  north  and 
south  and  a  subordinate  series  east  and  west  They  all  are 
vertical  and  straight  and  (within  each  series)  closely  parallel. 
They  are  readily  traced  from  top  to  bottom  of  the  walls  of  the 
lateral  ravines,  and  not  infrequently  a  wall  exhibits  a  broad, 
flat,  sheer  face  caused  by  the  removal  of  the  clay  from  one  side 
of  a  plane  of  jointing.  Elsewhere  the  faces  of  the  bluffs  are 
buttressed  by  square  pilasters,  or  ornamented  by  outstanding 
rectangular  columns,  the  forms  of  which  have  been  determined 
by  the  two  systems  of  joints.  The  main  arroyos  leading  up 
from  the  river-bed  are  controlled  by  the  main  system  of  joints, 
but  at  a  short  distance  back  from  the  bluff  there  is  a  tributary 
drainage  at  right  angles  to  the  primary,  and  controlled  by  the 
cross  joints.  The  edge  of  the  desert  plain  is  thus  marked  out 
in  a  series  of  rudely  rectangular  blocks  which  may  be  r^arded 
as  the  incipient  stages  of  the  pilasters  of  the  bluff. 

The  lamination  of  the  clays  and  marls  in  which  the  joints 
occur  is  traceable  across  them,  showing  that  there  have  been 
no  faults  upon  their  planes;  and  the  absence  of  faults  is  quite 
as  strongly  attested  by  the  perfect  continuity  of  the  even  sur- 
face of  the  plain  at  a  little  distance  from  the  river  bed. 

Mr.  Russell's  observations  showed  that  they  were  not  restric- 
ted to  the  spot  where  they  were  first  detected  but  were  discern- 
ible generally  along  the  margin  of  the  river-bed.  It  is  impos- 
sible to  trace  them  upon  the  adjacent  plain,  but  there  can  be 
little  doubt  that  they  extend  beneath  it.  The  surface  is  con- 
verted by  every  shower  into  a  plastic  mud  and  in  that  condi- 
tion is  welded  into  continuity  and  all  trace  of  structure  is 
obliterated.  For  aught  that  is  known  to  the  contrary  they  may 
exist  in  the  lake  beds  beneath  the  surface  of  the  entire  desert 
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The  point  of  especial  interest  is  that  these  joints  have  been 
developed  in  post-Glacial  time  within  a  series  of  strata  not  per- 
ceptiblj'  indurated,  and  which  repose  undisturbed  in  the  place 
where  they  were  deposited.  The  strata  are  nearly  horizontal 
and  their  inclination  of  less  than  one-half  a  degree,  northward, 
18  presumably  the  original  slope  of  the  bottom  upon  which  they 
were  thrown  down.  Within  the  basin  of  the  ancient  lake  there 
have  been  small  orographic  movements  since  the  Glacial  Epoch 
and  a  few  faults  are  known  to  have  taken  place  but  no  evi- 
dence has  been  found  of  such  disturbances  in  the  vicinity  ot 
this  locality.  The  lake-basin  has  been  the  scene  likewise  of 
po8t-61acial  volcanic  eruption  but  the  nearest  locality  is  eighty 
miles  distant  from  the  Old  River  Bed. 

I  am  not  aware  that  any  satisfactory  explanation  has  ever 
been  given  of  the  origin  of  the  jointed  structure  in  rocks  and  I 
have  none  to  propose.  They  have,  however,  been  heretofore 
associated  in  my  mind  first,  with  induration,  and  second,  with 
orographic  displacement,  and  their  discovery  in  undisturbed 
and  unindurated  rocks  was  therefore  a  matter  of  surprise.  The 
observation  is  believed  to  be  exceptional  and  is  here  published 
in  the  hope  that  it  will  aid  some  one  specially  conversant  with 
the  subject  in  the  establishment  of  the  true  theory  of  the  origin 
of  the  structure. 


Abt.  in. — On  Sound' Shadows  in  Water ;  by  John  LeConte. 

1.  More  or  less  perfect  Sound-Shadows  thrown  by  hills, 
buildings,  piers,  and  other  obstacles  to  the  transmission  of 
aerial  vibrations,  must  be  within  ihe  experience  of  all.  Never- 
theless, the  boundaries  of  such  shadows  are  so  imperfectly  de- 
fined, that  they  can  hardly  be  compared,  except  in  a  general 
way,  with  those  of  light.  Moreover,  in  some  cases,  the  obsta- 
des  placed  in  the  route  of  the  sound-waves,  being  elastic,  pro- 
pagate, more  or  less  perfectly,  the  sonorous  vibrations  of  the  air 
through  their  thickness;  so  that,  under  these  conditions,  it  is 
similar  to  producing  a  light-shadow  by  means  of  a  transparent 
or  translucent  body. 

2.  But  even  in  cases  in  which  the  sound-vibrations  in  air  are 
not  sensibly  transmitted  through  the  intervening  obstacle,  the 
boundaries  of  the  sound-shadows  are  necessarily  very  imper- 
fectly defined;  for  the  amount  of  diffractive  divergence  pro- 
ceeding from  the  secondary  waves,  originating  at  the  bounda- 
ries of  the  obstacle,  and  prof)agated  within  the  geometrical 
shadow,  is  usually  so  considerable,  that  the  diminution  of  in- 
tensity of  sound  behind  it,  although  quite  perceptible,  is  by  no 
means  so  conspicuous  as  might  be  expected. 
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3.  The  contrast,  in  this  respect,  between  sound  and  light  is 
well  expressed  by  Lord  Eayleigh  :  **  When  waves  of  sound  im« 
pinge  upon  an  obstacle,  a  portion  of  the  motion  is  thrown  back 
as  an  ecno,  and  under  cover  of  the  obstacle  there  is  formed  a 
sort  of  sound-shadow.  In  order,  however,  to  produce  shadows 
in  anything  like  optical  perfection,  the  dimensions  of  the  inter- 
vening body  must  be  considerable.  The  standard  of  compari- 
son proper  to  the  subject  is  the  wave-length  of  the  vibration; 
it  requires  almost  as  extreme  conditions  to  produce  rays  in  the 
case  of  sound,  as  it  requires  in  optics  to  avoid  producing  them."* 
In  other  words,  the  difference  between  sound  and  light  results 
from  the  well-known  fact,  that  an  ordinary  obstacle  bears  an 
immense  ratio  to  the  length  of  a  wave  of  light;  but  does  not 
bear  a  very  great  ratio  to  the  length  (>f  a  sound-wave.  Hence 
it  follows  from  the  mathematical  theory  of  undulations,  that  the 
waves  of  sound  bend  around  obstacles,  and  produce  more  or  less 
effect  within  the  geometrical  shadow;  whereas  light-shadows 
have  definite  boundaries  and  are  more  sharply  defined.  For  in 
the  case  of  light,  calculation  shows  that  at  any  point  decidedly 
within  the  geometrical  projection  of  the  obstacle  from  the  lu- 
minous source,  the  disturbance  vanishes,  while  at  any  point 
outside  of  the  geometrical  projection,  the  disturbance  is  the 
same  as  if  the  primary  wave  had  passed  the  screen  unimpeded. 
But  this  is  only  partially  true  in  the  case  of  ordinary  sound- 
waves, in  consequence  of  their  considerable  length  ;  it  is  rigor- 
ously true  only  when,  as  in  optics,  the  diameter  of  the  obstacle 
is  large  in  comparison  with  the  wave-length. 

4.  There  are,  however,  other  causes  depending  upon  the 
differences  between  the  sense  of  hearing  and  of  sight,  which 
doubtless  render  the  appreciation  of  the  shadows  of  sound  much 
less  distinct  than  those  of  light.  On  this  point.  Lord  Rayleigh 
justly  remarks:  "In  many  cases,  sound-shadows  appear  much 
less  perfect  than  theory  would  lead  us  to  expect.  The  anomaly 
is  due  in  a  great  measure,  I  believe,  to  an  error  of  judgment, 
depending  on  the  enormous  range  of  intensity  with  which  the 
ear  is  capable  of  dealing.  The  whistle  of  a  locomotive  is  very 
loud  at  a  distance  of  ten  yards.  At  a  mile  off  the  intensity 
must  be  30,000  times  less;  but  the  sound  still  appears  rather 
loud,  and  would  probably  be  audible,  under  favorable  circum- 
stances, even  when  enfeebled  in  the  ratio  of  a  million  to  one. 
For  this  reason,  it  is  not  easy  to  obtain  complete  shadows."t 
In  other  terras,  the  range  of  audition  is  so  extensive,  that  the 
diffractive  secondary  waves  originating  at  the  boundaries  of  the 
obstacle  and  propagated  into  the  geometrical  shadow,  though 
comparatively  feeble,  produce  decided  sensuous  impressions 
upon  the  auditory  apparatus  of  the  ear. 

♦  "  Theory  of  Sound,"  vol.  ii,  p.  106,  art.  283.     London,  1878. 
f  Phil.  Mag.,  5th  series,  vol.  iii,  p.  458,  1877. 
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x  The  mathematical  theory  of  undulations  indicates  that 
>Q8tical  shadows  should  be  more  distinct  for  short  waves  than 
•  long  waves.  This  prevision  has  been  verified  by  the  experi- 
mts  of  Lord  Rayleign ;  *  who  found  that  the  sound-shaaows 
5t  by  acute  sounds  were  more  distinct  than  those  produced  by 
ive  sounds. 

6.  Another  prevision  of  theory  has  been  experimentally  veri- 
d  both  in  the  case  of  light  and  of  sound.  It  is  well  known 
at  the  great  geometer  Poisson,  in  applying  Fresners  integrals 

the  case  of  the  diffraction  of  light  produced  by  a  small 
aque  circular  disk,  was  led  to  the  startling  result,  that  the 
amination  of  the  center  of  the  shadow  was  precisely  the  same 
if  the  disk  had  been  altogether  removed.  This  deduction 
)m  theory  was  experimentally  verified  by  the  illustrious 
rago,  by  means  of  an  opaquecircular  disk  of  2°*™  in  diame- 
r;  for  he  observed  a  bright  point  in  the  center  of  the  shadow 
the  disk  on  which  waves  of  light  were  directly  incident  In 
is  case,  the  secondary  waves  originating  at  the  disk  find  the 
inditions  of  complete  concurrence  at  a  definite  point  in  the 
cis  of  the  geometrical  shadow. 

7.  The  difficulties  to  be  overcome,  in  the  experimental  veri- 
sation  of  the  acoustical  analogue  pf  this  beautiful  phenomenon, 
•e  entirely  different  from  those  of  optics,  on  account  of  the 
omense  disproportion  of  wave-lengths.  In  light,  the  disk 
lUst  be  small,  and  the  luminous  source  must  have  a  very  small 
]gular  magnitude.  In  sound,  the  disk  must  be  comparatively 
Tge,  and  the  sounds  must  be  acute.  Lord  Rayleigh  has  re- 
intly  succeeded  in  experimentally  verifying  this  prevision  of 
leory  in  the  case  of  sound,  by  means  of  a  circular  disk  about 
fteen  inches  in  diameter,  with  a  bird-call  as  the  source  of 
)and,  placed  at  a  distance  of  twenty  inches  from  the  center  of 
ic  plane  of  the  disk.  At  twenty-four  inches  on  the  farther 
de  of  the  disk,  the  augmentation  of  the  intensity  of  the  sound, 
1  the  axis  of  the  acoustical  shadow,  was  obvious  both  to  the 
ar  and  to  a  sensitive  fiame.f 

Sound-Shadows  in  water. 

8.  It  is  a  significant  fact  in  relation  to  the  phenomenon  of 
coustical  shadows,  that  they  seem  to  be  more  perfect  or  more 
barply  defined  in  water  than  in  air.  Thus,  during  the  progress 
f  the  classical  experiments  of  Daniel  Colladon,  in  November, 
826,  on  the  velocity  of  sound  in  the  waters  of  the  lake  of  Ge- 
eva,  this  physicist  incidentally  observed,  that  when  the  end 
f  the  hearing-tube  {cornet  acoustique),  plunged  into  the  water, 
ras  screened  from  rectilinear  communication  with  the  bell  by 

*Phil.  Mag.,  5th  aeries,  vol.  iii,  pp.  468,  459,  1877. 
fPhiJ.  Mag.,  5th  series,  vol.  ix,  pp.  281,  282,  1880. 
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a  projecting  wall  running  out  from  the  shore,  whose  top  was 
above  the  surface  of  the  lake,  there  was  a  very  remarkable 
diminution  in  the  intensity  of  the  sound,  in  comparison  with 
that  observed  at  a  point  equally  distant  from,  but  in  direci 
communication  with,  the  source  of  sound,  or  out  of  the  '*  acoustic 
shadow;"  thus  indicating  the  relative  non-divergence  of  the 
rays  of  sound  around  obstacles  in  water,  as  compared  with  those 
in  air.* 

9.  Another  fact  observed  by  Colladon  during  these  famous 
experiments  is,  in  this  connection,  no  less  significant.  He 
found  that  the  sound  of  the  bell  struck  under  water,  when 
heard  at  a  distance,  has  no  resemblance  to  its  sound  in  the  air. 
Instead  of  a  prolonged  tone,  a  short  sharp  sound  is  heard,  like 
two  knife  blades  struck  together.  It  was  only  within  200 
meters  that  the  musical  tone  of  the  bell  was  distinguishable 
after  the  blow.     In  air,  it  is  well  known  the  contrary  takes 

Elace;  the  shock  of  the  first  impulse  of  the  hammer  being 
eard  only  in  the  immediate  neighborhood  of  the  bell,  while 
the  continued  musical  sound  is  the  only  one  that  affects  the 
hearing  at  a  distance.f  Sir  John  Herschel,  in  his  "Treatise 
on  Sound,"J  promised  to  explain  this  curious  difference;  but 
has  not,  as  far  as  I  can  find,  done  so.  Colladon  §  explains  this 
phenomenon  by  the  nature  of  the  sonorous  vibrations  in  water; 
showing  that  the  duration  of  the  sound  will  be  much  less  when 
transmitted  by  water  than  when  propagated  by  air. 

Experiments  op  L.  I.  LeConte  in  1874. 

10.  The  preceding  remarks  show  that  comparatively  few 
exact  observations  have  been  made  on  the  obstruction  produced 
by  interposed  obstacles  to  the  propagation  of  sound-waves  in 
different  media.  The  following  experimental  results  in  rela- 
tion to  acoustical  shadows  in  water  may  be  of  interest  to  phy- 
sicists. The  experiments  were  executed  in  1874,  ||  at  my  sug- 
gestion, by  my  son,  L.  I.  LeConte,  during  the  engineering  opera- 
tions incident  to  the  removal  of  "Rincon  Rock/'  a  sandstone 
reef  in  the  harbor  of  San  Francisco  (near  the  southeastern  water 
front  of  the  city),  by  means  of  "surface  blasting  "  with  "  giant 
powder"  or  dynamite.  The  depth  of  water  on  the  reef  was 
about  fifteen  feet  at  low  tide,  with  an  extreme  tidal  range  of 
about  six  feet.  The  "  cans  "  or  "  cartridges  '^  of  "  giant  powder  " 
used  contained  each  about  fifteen  pounds  of  the  explosive  com- 
pound, comprising  about  seventy-five  per  cent  of  nitro-glycerine. 

♦  Ann.  de  Chim.  et  de  Phys.,  2d  series,  vol.  xxxvi,  pp.  256,  257,  1827. 

"  Op.  cit.  supra,  p.  254. 

:  Encyc.  Meirop.,  art.  101.  §  Op.  cit.  p.  255. 

I  The  lonjf  delay  in  writing  out  the  notes  of  these  experiments  in  form  for  pub- 
liciflion  has  been  due  to  domestic  aflBiction  and  the  subsequent  pressure  of  per- 
plexing duties. 
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11.  Effects  of  the  explosive  shock. — It  was  observed  that  the 
suddenness  of  the  shock  imparted  to  the  water  by  this  explosive 
agent  produced  the  most  remarkable  and  astonishing  effects. 
At  the  distance  of  300  feet  or  more  from  the  detonating  car- 
tridge, two  distinct  shocks  were  experienced.     The  first  shock 
came  through  the  intervening  water,  and  was  felt  as  a  short 
concussion  or  click  before  there  was  any  sensible  elevation  of 
the  column  of  water  resting  over  the  point  of  explosion.     The 
secood  shock  came  a  little  later  bv  the  air,  and  was  heard.     It 
was  evidently  communicated  to  the  air  by  the  water,  at  the  time 
the  elastic  pulse  transmitted  by   this  liquid  (the  first  shock) 
emerged,  in  a  direction  nearly  normal  to  its  surface,  over  a  lim- 
ited area  around  a  point  vertically  above  the  exploding  car- 
tridge.    This  was  obvious  from  the  fact  that  aerial  sound  came 
from  this  region.     The  area,  which  was  the  source  of  the  sound 
transmitted  by  the  air,  was  the  same  as  that  from  which  the 
small  jets  of  water  (noticed  hereafter,  14)  were  projected.     The 
gases  generated  during  the  explosion  came  to  the  surface  much 
later  than  this  shock,  and  after  elevating  the  column  of  water, 
over  the  position  of  the  cartridge,  to  the  height  of  twenty-five 
or  thirty  feet. 

It  is  the  character  of  the  first  shock  that  deserves  special  no- 
tice. To  a  person  sitting  in  a  small  boat  floating  on  the  water 
at  a  distance  of  300  feet  or  more  from  the  point  of  explosion, 
with  his  feet  resting  on  its  bottom,  the  shock  was  felt  as  a  sudden 
blow  applied  to  the  soles  of  the  feet.  In  fact,  it  drove  out  the 
oakum  from  the  seams  in  the  bottom  of  the  boat  When  the 
observer  stood  on  the  top  of  a  vertical  wooden  pile,  this  shock 
was  felt  as  a  sudden  concussion  coming  up  from  the  water  along 
the  cylinder  of  wood.  The  concussion  produced  by  such  an 
explosion  was  so  violent  that  it  killed  or  stunned  the  fish  in 
the  water  within  a  radius  of  200  or  300  feet  from  the  explosive 
center.  They  rose  to  the  surface  in  a  helpless  condition,  and 
were  secured  by  the  boys. 

Experiments  on  Sound  Shadows. 

12.  Experiments  with  stout  glass  (soda-water)  Bolths, — In 
these  experiments  the  observer  stood  on  the  top  of  a  vertical 
cylindrical  pile  (the  trunk  of  an  Oregon  pine)  about  one  foot  in 
diameter,  situated  about  forty  feet  horizontally  from  the  explo- 
sive cartridge.  The  bottle. being  secured  to  a  rigid  rod  was 
first  plunged  under  the  water  from  ten  to  twelve  inches  behind 
the  pile  (fig.  1,  A),  that  is,  within  itsgeometricat  shadow.  The 
shock  of  the  explosion  did  not  injure  the  bottle.  It  was  then 
plunged  into  the  water  in  front  of  the  pile  (fig.  1,  B),  or  out- 
side of  its  geometrical  shadow.  In  this  position  the  bottle  was 
shivered  to  atoms  by  the  concussion  due  to  the  explosion.     As 
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viewed  from  the  experimenter^s  situation  on  tbe  top  of  the  pile, 
fig.  1,  A'  and  B^  indicate  the  two  positions  of  tbe  bottle  in  the 
preceding  experiments. 

The  experiments  were  varied  by  plunging  bottles  into  the 
water  in  various  positions  around  the  pile,  within  and  outside 
of  its  geometrical  projection  from  the  explosive  center;  and  in 
all  cases  they  were  protected  from  injury  when  within  the  geo- 
metricaljshadow,  and  were  shivered  when  outside  of  the  same. 
The  same  results  took  place  whether  the  bottles  were  filled  with 
wateror  with  air. 
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The  breaking  of  a  glass  vessel,  by  a  sudden  shock  communi- 
cated by  means  of  water,  is  a  fact  long  known,  and  is  illustrated 
by  the  old  familiar  class  experiment  of  exploding  a  "  Prince 
Rupert  drop"  while  its  bulb  is  plunged  into  an  ordinary  apoth- 
ecary's phial  filled  with  water. 

13.  Experiments  with  stout  glass  tubes. — The  cylindrical  glas^ 
tubes  employed  were  about  6  feet  long,  and  1*5  inches  in  diam — 
eter,  the  glass  being  about  0*6  of  an  inch  in  thickness.  Thejr" 
were  covered  by  pasting  cartridge  paper  over  them,  so  as 
prevent  the  loss  of  fragments  when  breakage  occurred.  (S 
fig.  2,  M). 

The  tubes  were  adjusted  to  a  frame- work  of  wood  so  arra 
(fig.  2,  N)  that  they  could  be  plunged  in  a  horizontal  positiocB^ 
beneath  the  surface  of  the  water  behind  the  pile,  the  axis  a  1" 
the  tube  being   at   right  angles  to  the  plane  of  its  shadow, 
and  held  there  (the  observer  stiuiding  as  before  on  the  top),  with 
the  middle  of  the  tube  in  the  geometrical  shadow,  while  the 
two  extremities  projected  on  cither  side  about  2*5  feet  .beyond 
the  boundaries  of  said  sha<low.     (Fig  3,  C  and  C).     In  every 
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case  the  shock  of  the  explosion  shivered  the  projecting  portions 
of  the  tube,  and  left  the  portion  within  the  shadow  uninjured. 
The  boundaries  beiween  the  broken  and  the  protected  por- 
tions of  the  glass  were  sharply  defined. 


By  standiuK  on  the  top  of  a  second  pile,  in  the  direction  of 
the  axis  of  the  shadow  of  the  first  pile,  and  distant  about  12 
leet,  the  experiments  were  varied  bj  plunging  the  franne-work 
sod  lubes — adjusted  at  right-angles  to  the  ^ane  of  the  pro- 
loTiged  shadow — into  the  water  at  this  distance  (12  feet)  from 


the  obstacle  which  obstructed  the  aound-wave  transmitted  by 
ihe  liquid,  (fig,  3,  D  and  D').  The  shock  of  the  explosion 
produced  senstblj  the  same  results  as  when  the  tube  was  near 
to  ihe  obstructing  obstacle : — the  protected  portion  of  the  hor- 
izontal glass  tube  was  sensibly  equal  in  length  to  the  diameter 
Ai.  JooK.  Bai.— TmsD  Sbbih,  Vol.  ZXin,  No.  133.— JjkXUART.lBSS. 
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of  the  pile  casting  the  shadow.  Hence,  the  shadow  of  tte 
cylindrical  pile  extended  back  for  about  12  feet  between  sensibly 
parallel  vertical  planes,  and  its  boundaries,  at  this  distance,  were 
still  sharply  defined. 

It  is  evident  that,  if  the  explosive  center  were  of  insensible 
magnitude,  the  horizontal  thickness  of  the  geometrical  shadow  of 
the  pile,  at  a  distance  of  12  feet  be3'ond  it,  would  be  augmented 
in  the  ratio  of  40  to  40+12,  or  of  40  to  52 ;  these  numbers 
being  the  distances  in  feet  from  the  center.  So  that,  if  the 
thickness  of  the  shadow  at  the  pile  were  12  inches,  its  thickness 
at  12  feet  beyond  would  be  15*6  inches.  If,  however,  the  ex- 
plosive energy  occupied  more  or  less  space  (as  was  the  case  in 
relation  to  the  **  giant-powder"  cartridges),  the  thickness  of 
the  geometrical  shadow,  or  umbra  cast  by  the  pile,  might  not 
increase  sensibly  with  augmenting  distance ;  and  indeed,  in 
case  the  exploding  body  exceeded  12  inches  in  diameter,  the 
thickness  01  the  shadow  would  diminish  with  increasing  dis- 
tance from  the  obstructing  pile ;  as  in  the  case  of  the  umbra 
cast  by  an  opaque  body  which  is  smaller  than  the  luminous 
source. 

14.  AnoOier  phenomenon  observed, — Another  interesting  phe- 
nomenon came  under  notice  during  the  execution  of  these  ex 
periments.  It  was  the  singular  effects  observed  on  the  surface 
of  the  water  (when  perfectly  calm  and  glassy),  for  a  certair 
area  around  the  point  immediately  over  the  exploding  cartridge 
Simultaneous  with  the  first  shock  (11)  transmitted  by  the  watei 
— and  before  the  asceYiding  gases  of  explosion  disturbed  it — th< 
surface  of  the  liquid  exhibited  numerous  jets  of  water,  rising 

4. 
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to  the  height  of  about  3  inches  over  the  center  of  the  area,  an 
diminishing  in  height  with  augmenting  distance  from  the  cente 
The  appearance  presented  was  not  unlike  that  produced  by 
heavy  shower  or  rain  falling  on  the  calm  waters  of  a  lak 
(fig.  4).  To  an  observer  in  a  boat  floating  on  the  adjacei 
water,  and  consequently  viewing  the  phenomenon  from 
point  near  the  water-level,  there  seemed  to  be  a  curious  qui: 
cunx-like  arrangement  of  the  jets. 
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Explanation  of  the  phenomena  observed. 

15.  Greater  distinctness  of  Sound-shadows  in  Water, — The 
much  greater  distinctness  of  acoustical  shadows  in  water,  as  com- 
pared with  those  in  air,  appears  to  be  pretty  clearly  established 
by  the  experiments  of  Colladon,  and  the  fact  seems  to  be  abun- 
dantly confirmed  by  those  which  we  have  recorded  in  the 
preceding  pages.  This  is  an  interesting  and  significant  phenom- 
enon in  relation  to  the  theory  of  sound.  At  first  sight,  it  might 
be  supposed  that  the  difference  is  due  to  the  greater  velocity  of 
propagation  of  the  sound-wave  in  water.  This  may  have  been 
Sir  John  Herschel's  idea,  when  he  explains  Colladon's  results 
by  reference  to  the  greater  elasticity  of  water.* 

But,  as  already  indicated  (3),  according  to  the  mathematical 
theory  of  undulations  the  intensity  of  the  eflPects,  due  to  the 
secondary  waves  propagated  into  the  geometrical  shadow  from 
the  borders  of  the  obstacle,  is  not  directly  dependent  upon  the 
Yclocity  of  propagation,  but  is  properly  a  function  of  the  wave- 
length :  the  diffractive  divergence  being  less  for  short  than  for 
long  waves.  Hence  it  follows,  that  the  distinctness  of  sound- 
shadows,  like  those  of  light,  should  depend  upon  the  shortness 
of  the  wave-lengths.  We  have  already  seen  (5)  that  the  experi- 
ment verifies  this  prevision  of  theory  in  the  case  of  sound- 
waves in  air,  by  demonstrating  that  acute  sounds  cast  more 
distinct  shadows  than  grave  sounds.  Does  this  principle  apply 
to  sound-shadows  in  water  ? 

Some  physicists  have  attempted  to  explain  the  phenomenon 
of  the  great  distinctness  of  sound-shadows  in  water,  as  indicated 
by  the  observations  of  Colladon  (8),  by  assuming  that  the 
lengths  of  the  sonorous  waves  propagated  through  water  are 
much  shorter  than  those  transmitted  through  air.f  But  no  reason 
is  given  for  this  fundamental  assumption,  other  than  that  it  is 
required  by  the  demands  of  the  theory  of  undulations,  in  order 
toaccount  for  the  more  perfect  shadows  in  water.  It  evidently 
would  be  vastly  more  pnilosophical  to  establish  as  a  matter  of 
fact  the  greater  shortness  of  the  sound- waves  in  water,  and  thus 
to  verify  the  deductions  of  theory.  This  we  shall  endeavor  to 
accomplish. 

16.  Measurement  of  Wavelengths. — With  regard  to  continuous 
or  musical  sounds,  we  have  the  means  of  very  readily  determin- 

.  111...  1  Velocity  of  Sound 

iDg  the  wave-length  ;  for  it  is  equal  U>  ^ — \ V,  ^■^., ; 

^  Number  of  Vibrations. 

It  is  evident,  therefore,  that  the  number  of  vibrations  or  musical 

pitch  of  the  sonorous  body  remitting  the  same,  the  wave-length 

in  water,  so  far  from  being  shorter,  must  be  more  than  four  times 

*  "Treatise  on  Sound,"  Encyc.  Metrop.,  art.  102. 

t  Vide  W.  H.  C.  BarUett's  "Elements  of  Nat.  Phil,"  "Acoustics  and  OpUcs," 
4th  ei,  N.  Y.  1866,  p..  75,  art.  66. 


f 
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as  long  as  they  are  in  air.  Hence,  according  to  theory,  il 
CoUadon's  observations  had  been  within  the  radius  (200  meters) 
at  which  the  musical  tone  of  the  sonorous  bell  was  heard, 
the  sound-shadows  would  have  been  less  distinct  than  in  air. 
Unfortunately,  Colladon  does  not  inform  us  at  what  distance 
from  the  vibrating  bell  his  observations  in  relation  to  the 
acoustical  shadows  were  made,  so  that  it  is  impossible  to  applj 
this  critical  test  of  the  theory  of  shadows.  But  the  presump- 
tion  is,  that  the  observations  were  made  in  the  neighborhood 
of  Thonon  (while  the  sonorous. bell  was  placed  at  Rolle),  at  a 
distance  of  13,487  meters  from  the  source  of  sound;  these 
being  the  arrangements  during  the  execution  of  the  experi- 
ments for  determining  the  velocity  of  sound  in  the  waters  of 
the  Lake  of  Geneva.  At  all  distances  from  the  bell  greater 
than  200  meters,  as  we  have  seen  (9),  the  sound  lost  its  musical 
character  and  became  short  and  sharp,  like  two  knife-blades 
struck  together.  Hence  under  the  assumption  that  the  obser- 
vations on  sound-shadows  were  made  very  far  beyond  the  limits 
at  which  musical  tones  were  transmitted,  we  are  precluded  from 
determining  the  wave-length  by  the  number  of  vibrations.  It 
appears  that  in  water,  grave  sounds  are  more  rapidly  suppressed 
or  damped  than  acute  sounds :  so  that  at  moderate  distances 
from  the  sonorous  center,  only  the  short  and  sharp  sound  due  to 
the  shock  of  the  striking  hammer  was  transmitted  to  distant 
points  through  the  water.  It  is  obvious  that  the  wave-lengths 
of  sounds  of  this  character  must  be  determined  by  other  con- 
siderations than  those  relating  to  the  musical  pitch. 

In  relation  to  solitary  waves  generated  by  sudden  blows  and 
explosions,*  it  may  be  more  difficult  to  form  a  just  estimate  of 
the  wave-length  than  in  the  case  of  musical  sounds.  Never- 
theless it  is  evident  that  the  wave-length  must  be  directly  pro- 

*  It  may  be  questionable  whether  the  elastic  waves  generated  by  momentary  ex- 
plosions or  detonations  can  be  properly  regarded  as  strictly  solitary.  It  is  pos- 
sible, that  in  such  cases,  groups  of  waves  are  generated,  similar  to  those  discussed 
by  Lord  Rayleigh  in  the  Appendix  to  his  work  on  the  "Theory  of  Sound."  Vol. 
ii,  pp.  297-302. 

Furthermore,  the  admirable  and  exquisitely  refined  arrangements  deviled  bj 
Rognault  for  investigating  the  phenomena  of  sound  enabled  him  to  submit  thu 
question  to  a  more  or  less  satisfactory  expenmentnl  test,  so  far  as  aerial  waves 
are  concerned.  ("  M^moires  de  L'Acad.  des  Sciences,"  volume  xxxvii,  pp. 
45-49  et  pp.  278-282,  Paris,  1868.)  He  found  that  the  explosion  of  a  pistol 
charged  with  ordinary  powder  does  not  produce  a  single  wave,  since  it  gave 
rise  to  a  recogni/sable  musical  tone  of  very  brief  duration  (p.  45.) ;  and  the  same 
was  the  case  with  the  sound  produced  by  the  detonation  of  a  mixture  of  oxygen 
and  hydrogen  gases  (p.  48).  But  Uie  explosion  of  a  small  charge  of  fulminate 
of  mercury  was  so  sudden  that  the  wave  generated  in  the  air  was  much  shorter, 
and  the  "coup"  was  much  more  "sec,"  than  that  which  was  produced  by  a 
pistol  charged  with  ordinary  powder,  (pp.  47-48  ;  and  pp.  278-281).  He  adds, 
"  n  est  encore  difficile  de  decider  si  Ton  a  produit  ainsi  une  onde  unique,  mais  il 
est  certain  que  si  plusieurs  ondes  prennent  naissance,  eUes  doivent  se  suivre  de 
tr^a  pr^s."     (p.  48). 

Again,  the  observations  of  General  H.  L.  Abbot  (Q.  S.  Engineers),  incident  to 
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portional  to  the  time  occupied  by  the  displacing  impulse,  mul- 
tiplied by  the  velocity  of  transmission  of  the  elastic  pulse. 
In  algebraic  terms,  if  L=  wave  length,  ^=time  of  the  genera- 
ting impulse,  and  1;=  velocity  of  sound  in  the  elastic  medium  ; 
we  have,  L  varies  as  ^Xv;  or  L=/Xv.  Consequently,  in  a 
given  medium,  in  which  v  remains  constant,  L  will  be  a  func- 
tion of  t,  or  the  duration  of  the  generative  impulse;  so  that 
when  the  factor  t  is  indefinitely  small,  the  value  of  L  will  be 
correspondingly  small.  Hence,  when  the  time  of  the  blow  or 
explosive  impulse  is  exceedingly  brief,  the  wave-length  must 
be  proportionately  short 

17.  Application  to  Sound- Shadows. — In  the  experiments  of 
Colladon.  if  we  assume  tliat  the  brief  shock  of  the  hammer  on 
a  limited  portion  of  the  bell  was  alone  transmitted  to  the  dis- 
tant observer,  it  is  clear,  that  only  the  short  sound-waves  thus 
generated  would  reach  the  distant  obstructing  wall  or  screen 
in  the  water :  and  consequently,  the  greater  definiteness  of  the 
acoustical  shadows  in  water  as  compared  with  those  in  air 
would  be  the  necessary  result  of  the  greater  shortness  of  the 
sound-waves  in  water.  Under  the  foregoing  assumptions,  the 
theory  of  undulations  appears  to  afford  a  satisfactory  explana- 
tion of  the  phenomenon  observed  by  Colladon.  Nevertheless, 
it  would  have  been  extremely  interesting  and  instructive,  as 
a  very  severe  test  of  theory,  had  this  distinguished  physicist 
made  observations  on  the  relative  distinctness  of  the  sound- 
shadows  in  the  water  within  the  musical  range  of  the  sub- 
merged bell,  as  compared  with  those  observed  at  points  so  re- 
mote that  only  the  sharp  blow  of  the  hammer  was  audible  in 
the  water. 

In  like  manner,  the  application  of  the  principle  of  briefness 
of  elastic-wave-genesis  to  the  explanation  of  the  phenomena 
observed  by  my  son  in  his  **  Dynamite"  experiments,  is  suffi- 
ciently obvious.  In  fact,  all  the  phenomena  incident  to  the 
explosion  or  detonation  of  the  nitro-glycerine  compounds  indi- 
cate that  the  impulse  generated  is  of  indefinitely  brief  dura- 
tion; indeed,  its  suddenness  is  almost  beyond  conception. 
Thus,  a  dynamite  cartridge  placed  upon  a  log  of  wood,  uncon- 
fined  and  free,  with  nothing  above  it  except  the  atmosphere, 
will,  when  exploding,  shiver  the  portion  of  timber  under  it  to 

the  heavy  blastifig^  at  Hallet's  Point,  Hell  Gate,  in  the  harbor  of  New  York, 
seem  to  render  it  at  least  probable,  that  the  waves  transmitted  by  the  earth, 
readied  the  different  observers  in  groups,  or  as  a  train  of  waves.  (This  Joum., 
ToLxv,  (1878),  p.  178  et  seq.) 

li^ir  G.  B.  Airy  maintains  that  *•  there  is  reason  to  tliink  that  a  single  wave  in 
lirorin  the  medium  of  light  would  not  produce  the  sensation  of  sound  or  color." 
(Cndulatory  Theory  of  Optics,  p.  15,  Art.  18, — 18G6).  No  reason  is  assigned 
fortius  somewhat  extraordinary  assertion.  In  the  case  of  light  it  is  obviously 
impossible  to  experimentally  tost  the  validity  of  this  idea  of  the  former  Astron- 
omer Royal ;  and  it  does  not  appear  to  be  sustained  by  the  results  of  acous- 
ucal  experiments. 


38  John  LeOonte — Sound-Shadows  in  Water, 

atoms : — The  detonation  being  so  instantaneous,  that  the  su- 
perincumbent air,  as  well  as  the  gases  generated,  having  no 
time  to  be  displaced,  become  a  veritable  tampon. 

The  efficiency  of  surface  blasting  under  water,  by  means  of 
these  explosive  compounds,  depends  upon  this  extraordinary 
suddenness  of  detonation,  which  renders  the  effect  akin  to  that 
of  the  sudden  blow  of  an  enormous  unyielding  mass.  It  is  ev- 
ident, that  the  wave  generated  in  an  elastic  medium  like  water, 
by  an  explosion  of  this  character,  must  be  very  intense  and 
very  short  Hence,  the  acoustical  shadow  produced  by  an  ob- 
stacle placed  in  its  path  of  propagation,  must,  as  in  the  case 
of  light,  be  sharply  defined  and  definite  in  its  boundaries. 
Thus,  the  striking  fact,  that  the  protecting  influence  of  the 
piles  on  the  glass  vessels  plunged  in  the  water  was  narrowly 
circumscribed  within  the  limits  of  the  geometrical  shadow,  may 
be  rationally  traced  to  the  extreme  shortness  of  the  elastic 
waves,  due  to  the  inconceivably  brief  duration  of  action  of  the 
generative  detonations.  This  view  seems  to  afford  a  satisfac- 
tory explanation  of  the  remarkable  results  revealed  by  the  ex- 
periments in  the  harbor  of  San  Francisco. 

18.  Gun-powder  explosions, — If  the  foregoing  is  the  true  ex- 
planation of  the  definiteness  of  the  sound-shadows  cast  in  the 
preceding  experiments,  then  the  waves  generated  by  the  ex- 
plosion of  ordinary  gun-powder,  being  less  sudden,  should  not 
produce  as  sharply  defined  shadows  as  those  due  to  the  detona- 
tion of  dynamite.  We  have,  so  far  as  known,  no  specific  ex- 
periments testing  this  point,  but  it  seems  to  be  quite  reasona- 
ble that  such  will  be  found  to  be  the  case,  whenever  the  test 
of  experiment  is  applied.  For  it  is  well  known  that  the  suba- 
queous explosions  of  ordinary  powder  do  not  give  rise  to  the 
remarkable  concussions,  so  characteristic  of  the  detonations  oj 
the  nitro-glycerine  mixtures. 

19.  Dynamite  explosions  in  Air, — Moreover,  if  my  explana- 
tion is  correct,  the  acoustical  shadows  produced  by  nitro-glyce 
rine  detonations  in  air  ought,  also,  to  be  more  sharply  definec 
than  those  due  to  sounds  less  suddenly  generated.  In  oihei 
words,  if  the  distinctness  of  sound-shadows  depends  upon 
the  duration  of  the  impulse  which  produces  the  accompanying 
sound-wave,  then  the  definiteness  of  the  shadows  cast  bj 
sounds  propagated  through  the  air  should  vary  with  the  sud- 
denness of  the  action  of  the  generating  cause. 

Inasmuch  as  the  variations  in  the  duration  of  the  genesis  of 
audible  sounds  in  the  atmosphere  must,  in  ordinary  experience, 
be  very  great,  it  may,  at  first  sight,  appear  incredible  that  the 
corresponding  difl^erences  in  the  perfection  of  sound-shadows 
cast  by  obstacles  in  the  paths  of   different  kinds  of   sounds, 
should    have  escaped  the  most  casual  observation.      But  it 
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must  be  recollected,  that,  for  the  reasons  already  assigaed  (1), 
(2),  (3)  and  (4),  aerial  acoustical  shadows  are  not  readily  appre- 
ciated by  the  ear.  Moreover,  in  the  case  of  sounds  transmit- 
ted by  the  air,  the  distinctness  of  such  shadows  is  most  seri- 
ously impaired  by  the  numerous  reflected  waves  which  come 
from  circumjacent  objects.  It  should  be  borne  in  mind,  that 
it  is  only  very  recently  (5),  that  the  influence  of  acuteness  of 
sounds  on  the  distinctness  of  the  resulting  shadows,  has  been 
satisfactorily  verified  by  experiment.  In  like  manner  I  ven- 
tare  to  predict  that  careful  experiments  will  verify  the  deduc- 
tion that  the  shadows  due  to  sounds  generated  by  the  extra- 
ordinarily brief  detonations  of  dynamite  are  more  sharply 
defined,  than  those  owing  their  origin  to  sounds  less  suddenly 
produced. 

In  confirmation  of  the  foregoing  view,  the  following  obser- 
vation may  be  cited:  On  the  16th  of  April,  1880,  an  explosion 
of  about  2000  or  3000  pounds  of  a  nitro-glycerine  compound 
occurred  at  the  **  Giant  Powder  Works,"  situated  under  a  bluff 
on  the  eastern  shore  of  the  Bay  of  San  Francisco,  at  a  distance 
(determined  by  triangulation),  of  16,201  feet  (4938  meters),  in 
a  direct  line,  in  a  northwest  direction,  from  my  room  in  the 
University  building.  About  twenty-five  adult  men,  a  majority 
of  them  Chinamen,  were  literally  blown  to  atoms ;  no  one 
escaping  to  reveal  the  cause  of  the  accident.  The  concussion 
at  the  University  buildings, — more  than  three  miles  distant, — 
was  sufiicient  to  break  about  a  dozen  panes  of  stout  window- 
glass  on  the  side  next  to  the  explosive  center.  Nearly  every 
person  about  the  University  grounds  experienced  two  distinct 
shocks;  one  transmitted  by  the  air,  and  the  other  by  the 
ground.  The  cottage  occupied  by  my  brother  (Professor 
Joseph  LeConte),  was  situated  in  the  geometrical  shadow  of 
one  of  the  buildings ;  being  about  890  feet  on  the  farther  side 
of  it  No  aerial  shock  was  experienced  by  him  or  any  member 
of  the  household ;  and  the  concussion  transmitted  by  the 
earth  was  alone  felt  as  a  shock  emanating  from  the  floor.  In 
other  terms,  the  acoustical  shadow  cast  by  the  intervening 
structure  completely  cut  off  the  sound-wave  coming  by  the 
air.  It  is  scarcely  necessary  to  add,  that  for  ordinary  sounds 
such  would  not  have  been  the  result. 

20.  Phenomenon  of  Jets. — The  singular  phenomenon  ob- 
served by  my  son  (14),  of  numerous  small  jets  projected  from 
the  surface  of  the  water  when  the  shock  transmitted  by  the 
liquid  reached  the  surface  area  above  the  exploding  cartridge, 
was  probably  due  to  the  circumstance  that  when  the  short  and 
intense  elastic  wave  emerged  in  a  direction  normal  or  nearly 
normal  to  the  aqueous  surface,  the  tense  superficial  capillary 
film  yielded  to  the  sudden  impulse  more  readily  at  some  points 
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than  at  others.  The  sensibly  hornogeneoas  character  of  such 
a  tensile  elastic  film,  would  naturally  tend  to  group  the  points 
of  rupture,  or  jets  of  water,  into  more  or  less  perfect  order, 
partaking  more  or  less  of  geometrical  symmetry.  Hence,  the 
curious  quincunx-like  arrangement  of  jets  as  viewed  by  the 
observer  near  the  water-level.  According  to  this  view,  the 
phenomenon  in  question  seems  to  find  its  counterpart  or  ana- 
logue in  the  more  or  less  symmetrical  forms  produced  by  the 
intersection  of  the  lines  of  rupture  as  the  result  of  the  ten- 
sional  strains  due  to  the  contraction  of  homogeneous  masses, 
during  the  process  of  cooling  or  of  desiccation.  Thus,  the 
columnar  structure  of  certain  igneous  rocks  seems  to  be  due  to 
the  tensile  stress  of  contraction  by  cooling  after  solidification 
supervened  ;  while  the  analogous  structure  developed  by  the 
desiccation  of  homogeneous  masses  of  moist  clay,  mud  or 
starch,  appears  to  be  produced  by  a  similar  strain  consequent 
upon  shrinkage  from  loss  of  moisture.  In  a  similar  manner, 
the  tense  superficial  capillary  film  of  the  water,  when  it  expe- 
riences the  sudden  molecular  impulse  due  to  the  emergence  of 
elastic  pulse,  is  ruptured  along  lines  more  or  less  symmetrically 
disposed  on  the  surface  of  the  water;  and  the  liquid  beneath 
is  projected  through  these  lines  or  points  of  least  resistance. 

Berkeley,  California,  October  25th,  1881. 


Art.  IV.  —  On    the  Connection  hetiveen  the   Cretaceous  and  fhe 
recent  Echtnid  Faunae;  by  Alexander  Agassiz.* 

One  of  the  very  first  results  clearly  indicated  by  the  deep 
dredgings  of  Count  Pourtalfes,  and  the  subsequent  investiga- 
tions of  the  "  Porcupine"  expedition,  was  the  antique  character 
preserved  by  many  of  the  new  genera  discovered  in  deep 
water,  and  especially  their  resemblance  to  Cretaceous  genera; 
and  the  study  of  the  Challenger  Echinids  has  brought  this  out 
still  more  plainly. 

For  the  purpose  of  making  the  comparison  of  the  Challenger 
Echinids  with  the  earlier  Cretaceous  types  as  complete  as  pos- 
sible, it  will  be  interesting  to  take  a  rapid  review  of  the  Cre- 
taceous Echinid  fauna,  and  to  contrast  it  with  the  abyssal 
fauna  as  a  whole,  independently  of  its  combinations  in  time 
with  the  littoral  and  continental  types,  but  not  independently 
of  its  combinations  with  those  types  which  extend  into  the 
abyssal  fauna  either  from  the  littoral  or  from  the  continental 
fauna. 

♦  From  pages  25  to  30  of  the  Report  on  the  Echinoidea  of  the  Voyage  of  H. 
\f.  S.  Challenger,  by  A.  Aoassiz. 
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comparing  the  genera  characteristic  of  the  Chalk  with 

now  found  living,  we  find  that  a  considerable  number  of 
tter  date  back  to  the  Cretaceous  period  ;  and  a  few  of  the 
idae,  the  Echinidae,  the  Salenidse,  the  Echinoconid»,  and 
etalosticha,  even  to  the  earlier  epochs,  lo  the  Jurassic  beds, 
ias  and  the  Trias.  The  genera  Dorocidarisy  Phyllacanthus^ 
idaris,  Salenia^  Podocidaris  {Magnosia^  Codiopsis\  Astheno- 

Phormosoma  {Echmolhuria),  Temnechinus^  Coitaldia^  Phy- 
na,  Holopneustes^  Heviipedina,  Echinus^  Echinocyamus^ 
inUj  Echmolampas,  Rhyjichopygus,  Coiioclypus  (J.\  Echino- 
5,  GatopygnSy  Pygaslei\  Pourtalesia  {lnfulaster\  Hemiaster^ 
ster  are  in  this  category,  so  that  a  good  proportion  of  the 
a  of  Echinids  still  living  in  the  present  epoch  belong  to 
a  already  existing  at  the  time  of  the  earliest  Cretaceous 
itions.  And  leaving  out,  for  the  present,  the  genera 
1  have  disappeared  daring  the  Tertiary  times,  we  find  in 
Tertiaries,  in  addition  to  the  above  genera,  the  following 
1  have  continued  to  the  present  time  :  Arbacia,  CoelopleuruSy 
lometrGy  Slomopneustes,  Slrongylocenirotus,  Sphoerechinvs, 
iopleuruSj  Trtgonocidaris^  Salmacis^  Amblypneusies^  Toxop- 
es,  HipponoH,  Clypeasier^  Echtnanifius,  Laganum,  Echina- 
xius^  Arachwides,  EchinodisciiSj  Mellita,  Encope,  Echinoneus, 
eolites,  Homolampas,  Paleopneusies^  Spatangu-%  Marelia^ 
liagus,   Lovenia,   Breyma^  Echinocardiam^  Brissopsisj  Agas- 

BrissvSj  Metalia,  Meoma,  Linthm,  Schizaster,  Moira. 
»ving,  as  genera  belonging  strictly  to  the  present  epoch, 
h,  for  the  present,  we  may  take  as  the  result  of  the  exist- 
londition  of  things  and  as  the  successors  of  the  Cretaceous 
of  the  Tertiary  forms,  the  following  only,  Stephanocidaris^ 
locidariSj  Diadema,  Centrostephanus,  Echinothrix,  Astropyga, 
dodiadeyna,  Micropyga,  Oolobocentroitis^  Heterocentrotus^  Para- 
w,  Pseudoboletia^  Echinoslrephus,  Plewechinus,  Microcyphus, 
nlia,  Prionechimis,  Evechinus,  Peronelta,  Astriclypeus^  Rotula^ 
ampaSj  AnochanuSj  Pala^otropus,  Cionobrissus^  Ec/iinocrepis^ 
agocystis,  Gystechinus^  ArgopaiaguSj  Palceostoma,  THpylus^ 
nna. 

rom  our  study  of  the  embryonic  stages  of  the  Echinidse, 
Clypeastridse,  and  the  Spatangidae,  and  a  comparison  of 
3  stages  with  the  genera  of  the  Desmosticha  and  Petalos- 
i  which  have  either  succeeded  the  genera  above  mentioned, 
ive  lived  with  them  during  the  Cretaceous  period  and  have 

rred  either  during  the  Cretaceous  or  the  Tertiary 
we  find  no  difficulty  in  tracing  an  unbroken  syste- 
c  connection  from  the  earliest  Cretaceous  beds  to  the 
3nt  time.  But  this  connection  is  so  complicated,  and  rami- 
in  so  many  directions,  that  it  must  be  hopeless,  even  with 
jraall  number  of  species  of  Echinids  known,  to  attempt  to 
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do  more  than  to  indicate  tbe  lines  of  affinities,  the  delical 
threads  of  which  we  can  trace  in  characteristics  oE  geoei 
which  at  any  special  epoch  seem  to  have  little  or  no  stmctan 
affinity.  Let  as  take,  for  instance,  the  genera  characteristic  c 
the  Chalk,  and  attempt  to  trace  their  connection  both  back 
ward  and  forward  in  time. 

Taking  these  genera  in  their  most  extended  signification,  am 
more  especially  those  characteristic  of  the  Lower  Cretaceooi 
formations,  Cidaris^  Orihocidaris,  Pkyllacanthus,  Tetracidam^ 
Oonwpygus^  Codiopsis,  Magnosia,  Cyphosoma,  Pseudocidaris, 
Orthopsis,  Ptdtnopsis,  Codechinus^  Stomechintis^'  Acrosalenia^ 
Echinothuria^  Pygasier,  Discoidea,  Holecigptis,  Pyrina^  Clypeopy- 
gu8,  Pyytirus,  Metaporhinus^  Hotaster,  Toxaster,  and  comparing 
them  in  the  first  place  with  the  genera  of  the  Lias  as  far  as 
they  are  known,  we  find  that,  with  the  exception  of  Oidaris 
and  Hypodiadema,  the  forerunners  of  the  CidaridaB  and  Dia- 
dematidse,  not  a  single  form  of  the  Echinidae  is  represented. 

To  attempt  to  explain  their  relationship  to  the  earlier  types,  we 
may  say,  in  a  very  general  way,  that  the  Perischoechinidae  early 
show,  on  the  one  side,  a  tendency  to  limit  the  number  of  the 
rows  of  interambulacral  plates;  and,  on  the  other  side,  a  de- 
cided tendency  to  a  splitting  up  of  the  ambulacral  and  inter- 
ambulacral plates  into  numerous  irregular  rows  ;  they  are  thus 
the  only  group  leading  directly  to  such  types  as  Cidaris  on  the 
one  side,  and  to  the  Echinothuridie  on  the  other,  the  genera 
Tetracidarts  and  Echinoihuria  in  the  Chalk  being  the  represen- 
tatives of  these  two  groups  of  Palseechinidje ;  while  the  pres- 
ence of  such  a  type  as  Hypodiadema  early  in  the  Trias  may, 
perhaps,  represent  the  reduction  of  the  number  of  coronal 
plates  in  some  as  the  earlier  Echinids,  while  retaining  the  uni- 
form tuberculation  so  characteristic  of  the  Palaeechinidae,  and 
retaining  at  the  same  time  the  proportionally  broader  ambula- 
cral ^reas  of  some  of  the  types.  From  the  time  of  the  Trias, 
the  Cidaridie  have  been  a  most  persistent  type,  and  the  changes 
the  members  of  the  family  have  passed  through  are  restricted 
to  very  narrow  limits,  with  the  exception  of  the  aberrant  genera 
Helerocidnris,  Tetracidaris  and  Dtplocidans,  which  retain  more 
or  less  Paheechinoid  characters  while  taking  on  a  more  modern 
fades. 

The  relationship  of  the  Kchinothuridje  to  the  PalaeechinidsB 
I  have  already  insisted  upon  elsewhere,  and  their  affinities  to 
the  recent  Diadematidjv.  are  most  close.  The  relationship  of 
Hypodiadema  to  Diademopsis,  Pseiidodiadema^  Hemipedina^  and 
to  the  whole  group  of  Pseudodiadematida?  which  culminates  in 
the  Chalk,  and  is  only  very  scantily  represented  at  the  presenl 
day,  is  sufficiently  near  not  to  need  any  further  elucidation 
On  the  other  hand,  the  development  of  the  Echinidse  is  som^ 
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at  more  complicated,  as  the  affinities  of  the  genera  from 
lich  we  trace  the  development  of  the  Echinidse,  the  Arba- 
idae  and  the  Salenidae,  is  very  close  in  the  Liassic,  the  Juras- 
;  and  the  Lower  Cretaceous  beds;  where  such  types  as 
:rosalenia,  Hemicidaris,  Olypiicus  and  Rhymechintis,  show  us 
)w  readily  we  may  pass,  on  the  one  hand,  to  the  Salenidse 
id  on  the  other  to  the  Temnopleuridse,  the  Echinidse  and  the 
rbaciadse.  It  is,  however,  only  when  the  interbranching  affin- 
ies  have  not  extended  in  too  many  directions  that  we  can  still 
isily  follow  the  systematic  connection,  which  is  as  close  as  we 
in  possibly  desire  to  have  it.  In  fact  it  is  so  extended  that 
eare  at  a  loss  to  express  it  satisfactorily. 
A  few  examples  will  suffice.  From  tne  development  of  Sa- 
nid,  of  EchintLS,  of  Temnopleurus,  and  of  Arhacia^  we  see  that 
lese  show  a  very  different  degree  of  complication  in  their  sys- 
jmatic  relations  to  the  genera  which  have  preceded  them  in 
ime.  The  Saleniae  retain  the  simple  ambulacral  system  of  the 
^daridce,  the  small  number  of  coronal  plates,  the  small  number 
f  large  primary  interambulacral  tubercles,  the  variable  shape 
•{  the  primary  spines,  the  secondary  papillae,  the  large  plates 
»f  the  abactinal  system ;  and,  as  far  as  these  features  in  the 
Jidaridae  are  related  to  the  Pal^echinidse,  the  Salenice  retain  to 
iless  degree  the  Palaeechinid  affinities  of  the  Oidaridae.  But,  in 
iddition  to  this,  we  find  in  the  Salenice  the  presence  of  a  sub- 
inal  plate,  comparatively  large  ambulacral  tubercles,  a  slight 
endency  in  the  ambulacral  pores  to  deviate  from  the  vertical 
irrangement  of  the  Cidaridse,  and  in  the  imbricating  plates  of 
he  actinal  membrane  are  apparently  very  decidedly  different 
itractural  features.  These  last  named  features  are  all  features 
«fhich  tend  toward  the  Echinidae  proper,  and  which  thus  far 
3ave  not  appeared  in  the  older  Cidaridae,  though  we  find  some 
)f  these  characteristics  already  foreshadowed  in  the  imbricating 
membrane  of  the  Archaeocidaridae,  and  in  the  large  primary 
imbulacral  tubercles  of  the  Hemicidaridae.  As  far  as  Echinus 
is  concerned,  the  want  of  prominence  of  the  principal  primary 
tubercles,  as  well  as  greater  uniformity  in  the  structure  of  the 
spines,  recalls  again  the  earliest  Palaeechinidae,  while  the  modi- 
Scations  of  the  ambulacral  system  also  to  a  certain  extent 
point  back  to  an  ambulacral  system  made  up  of  a  large  num- 
ber of  plates,  as  we  find  most  markedly  shown  again  in  the 
nore  recent  Echinometridaft.  The  actinal  membrane  is  further 
dtered  in  the  direction  of  that  of  Salenia;  we  have  a  smaller 
lamber  of  plates  which  in  some  genera  are  reduced  to  ten,  the 
upports  of  the  buccal  tentacles,  which  are  the  only  remnants 
f  the  former  uniform  extension  of  the  ambulacral  pores  as  far 
3  the  actinosome.  In  the  structure  of  the  apical  system,  the 
ibanal  plates  can  still  be  traced  in  some  of  the  stages  of 
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growth,  while  in  the  Temnopleurns  it  never  becomes  entin 
obliterated.  In  Temnopleurus  we  might  say  the  Salenid  ab; 
tinal  system  was  more  readily  traced,  and  still  better  in  Arbae 
while  in  both  these  genera  the  Cidarid  features  of  large  prima 
tubercles  is  retained  in  a  diflFerent  degree;  and  in  Arodcic^ 
one  part  of  the  ambulacral  zone,  the  arrangement  of  the  por 
is  of  an  ancient  type,  while  toward  the  actinosorae  its  petalo 
structure  is  eminently  recent;  the  structure  of  the  ocular  pla 
of  Arbacia  leads  us  back  directly  to  the  structure  of  the  ocul 
plate  in  the  oldest  Palseechinidae. 

The  affinities  of  the  ClypeastridsB  with  the  Discoid®  are  clear 
indicated  by  the  development  of  the  longitudinal  axis,  wbi( 
dates  from  the  exclusion  of  the  anal  from  the  spinal  systei 
We  readily  trace  through  Pileus,  Holectypus  and  Discoidea  affi 
ities  to  OaleriteSj  and  the  fossil  Conoclypeidse,  while  with  tl 
appearance  of  Oalerites^  Fibularia^  and  Echinocyamus  we  ha^ 
the  element  of  the  Clypeastridae  and  Scutellidae;  and  the 
relationship  to  the  Cassidulidae  is  well  shown  in  the  simple  ar 
bulacral  system  of  some  of  the  genera,  and  the  rudimentai 
auricles  are  still  to  be  traced  among  the  Echinolampadae,  whi 
the  affinity  of  the  earliest  Cassidulidae,  HyboclypiLS,  Oaleropyg 
and  the  like,  to  Pygaster^  which  culminate  in  our  day  with  h 
slight  modifications  in  Echinoneus,  show  how  clearly  related  tl 
earlier  Spatangoids  were  with  the  genera  to  which  the  Clypea 
troids  are  most  closely  related,  which  in  their  turn  will  show 
most  unmistakable  relationship  to  the  Desmosticha,  so  much ; 
that  it  seems  difficult  to  say  whether  some  of  the  Echinolai 
padae  of  the  present  are  not  more  closely  related  to  the  Galei 
tidae,  from  the  slight  development  of  the  pelatoid  system,  ai 
the  presence  of  jaws  or  of  rudimentary  auricles. 

Already,  in  the  Jura,  Pygaster  shows  the  method  of  the  pj 
sage  of  the  anal  system  from  the  interior  of  the  anal  ring  to  tl 
odd  interambulacral  space,  and  we  find  genera  such  as  Hokci 
pi^and  Discoidea^  in  which  it  occupies  in  succession  all  possib 
positions  between  the  apical  system  and  a  place  close  to  tl 
actinosome ;  and.  the  passage  once  effected  in  the  Clypeastroid 
we  readily  go  from  a  mere  circular  or  elliptical  opening  plac< 
either  in  the  axis,  or  obliquely  or  transversely  to  it,  to  an  ope 
ing  in  a  slight  groove  or  a  more  or  less  deep  groove  occupyii 
this  same  odd  interambulacral  space,  having  its  climax  in  t 
Echiuobrissinae  ;  and  then  we  most  naturally  pass  to  an  openii 
holding  a  certain  relation  to  a  more  or  less  distinct  beak  wbic 
combined  with  the  subanal  plastron  enclosed  by  the  subai 
fasciole,  we  can  gradually  trace  from  a  simple  plastron  flu 
with  the  test,  as  in  the  earliest  Holasteridge,  to  the  Echinoc 
diae,  to  the  Brissinae,  and  finally  to  the  Pourtalesiae,  to  a  pi 
tron  extending  as  a  slight  beak  below  the  anal  systenfi,  and  1 


and  the  Recent  Echinid  FauiioR.  45 

lly  forming  a  more  or  less  distinct  snout ;  and  when  this  is 
lombined  with  the  deep  anal  groove  of  other  Spatangoid  een- 
jra  we  get  the  remarkable  forms  such  as  we  have  described  as 
belonging  to  the  Pourtalesiae. 

The  type  of  Holectypus  with  its  regular  outline,  its  buccal 
cuts,  the  anal  system  on  the  actinal  surface,  and  the  diminution 
of  the  size  of  the  tubercles  to  uniformity  in  the  two  areas,  the 
restriction  of  the  poriferous  zone  to  a  single  vertical  row,  all 
tend  to  show  that  the  tendency  to  the  Clypeastroids  is  already 
highly  specialized.  The  existence  (»f  sucq  forms  as  Pyrina^ 
with  their  simple  ambulacra  leads  directly  to  the  Nucleolidae 
and  Echinolampadae.  On  the  contrary,  we  can  only  obtain 
such  forms  as  the  present  deep  sea  types  from  the  earlier  Creta- 
ceous types  like  Infulaster^  and  their  derivation  from  such  forms 
as  have  been  figured  by  Ooster  (Echin.  Alp.  Suisses,  pi.  x,  figs. 
14)  as  Dyaster  calceolatus.  (See  also  de  Loriol,  Echinoid.  Cr6t 
de  la  Suisse,  pi.  xxxiii.) 

When  we  take  the  Spatangoids  of  the  Chalk,  they  lead  us 
directly  through  the  Palaeostominae  and  the  Collyritidse  to  the 
Ananchy tidse,  which  have  pei-sisted  to  the  present  day ;  and 
also  to  the  Spatanginae  proper,  represented  by  their  few  genera, 
such  as  Micraster^  Hemiaster,  and  Prenaster,  which  already 
possess  the  structural  features  characteristic  of  the  recent  Spa- 
tangoids. That  is,  we  find  genera  with  a  peripetalous  fasciole, 
asubanal  fasciole,  sunken  ambulacra,  petals  of  a  different  de- 
gree of  development,  spines  specialized  on  certain  areas  of  the 
test,  a  trace  of  a  sunken  anterior  groove,  of  an  anal  beak,  of  an 
actiaal  plastron,  of  a  snout,  of  a  lateral  fasciole,  and  of  a  special- 
ization of  the  primary  and  secondary  tubercles.  But,  of  course, 
the  extent  to  which  these  features  may  be  developed  in  Tertiary 
and  recent  genera  contrasts  often  strikingly  with  the  rudiment- 
ary nature  of  the  structural  features  found  in  the  Cretaceous  or 
Tertiary  genera.  The  simple  actinostome  of  the  Palaeostominae 
is  combined  with  a  well-marked  specialization  of  the  ambulacra 
above  the  ambitus,  the  petaloid  feature  of  the  early  Spatangoids 
which  appears  later  in  the  Cassidulidae  ;  while  in  the  Ananchy- 
tid»  the  well  developed  labium  of  all  the  more  recent  Spatan- 
goidae  is  combined  with  a  comparatively  more  rudimentary 
state  of  the  ambulacral  zones. 

Among  the  Cretaceous  genera,  Hemipneustes  and  Ennalasier 
Me  extremely  instructive.  They  show,  perhaps  better  than  any 
others,  the  passage  which  exists  between  the  earliest  Spatan- 
goids with  more  or  less  petaloid  ambulacra,  and  the  older  Spa- 
tangoids without  petals,  and  in  which  the  ambulacra  have  the 
ttme  simple  structure  from  the  apical  system  to  the  actinostome. 
In  both  these  genera  the  petaloid  structure  is  limited  to  the 
posterior  poriferous  zone  of  the  lateral  ambulacra;  the  only 
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recent  genus  in  which  a  similar  structure  still  exists  is  Agassiask; 
In^  this  genus,  however,  the  posterior  lateral  petals  are  ncMvi 
mally  developed,  as  in  other  Spatangoids;  or  perhaps  we  maai; 
consider  this  as  the  last  trace  in  normal  Spatangoids  of  the^ 
simple  condition  of  the  ambulacra,  such  as  we  still  find  it  iaj 
the  Pourtalesise.  It  is  specially  interesting  to  compare  these; 
genera  first  to  the  Ananchytidae,  then  to  the  Toxasteridae ;  and^ 
finally  to^such  recent  genera  as  Oenicopatagus,  UoinotampoM^ 
Argopaiagus^  and  the  like.  These  comparisons  lead  us  ta 
detect  affinities  in  all  possible  directions,  with  the  highly  peta- 
loid  ambulacra  of  the  Spatangoids,  with  the  simplest  ambula- 
cral  petals  of  the  earliest  Spatangoids,  or  with  the  embryonie 
ambulacra  of  the  Pourtalesiae  proper. 


Art.  V. —  Upo7i  an  Apparatus  for  delermining  without  pain  ki 
the  patient  the  Position  of  a  Projectile  of  Lead  or  other  metal  i^ 
the  human  body  ;  by  Alexander  Graham  Bell.* 

The  instrument  I  have  the  honor  of  presenting  to  the  Acad*; 
emy  has  for  its  object  the  determination  of  the  exact  place 
occupied  by  balls  of  lead,  fragments  of  shell,  or  metallic  sob- 
stances  of  any  kind  embedded  in  the  body  of  a  person  woundedl 
by  fire-arms,  and  it  may  be  considered  as  a  form  of  the  well*^ 
known  Induction  Balance  of  Professor  Hughes. 

This  exploring  instrument  enables  us  to  determine  that  posi-- 

tion  for  the  most  part  with  very  great  exactness,  and  that  with*. 

out  any  pain  to  the  patient,  which  is  not  the  case  when  we  use  - 

metallic  probes  which  require  to  be  brought  into  direct  contact 

with  the  projectile. 

1. 


i::^^ 


The  instrument  is  composed  essentially  (fig.  1)  of  a  system 
of  two  parallel  flat  coils  (A  and  B)  partially  superposed  upon 
one  another  in  such  a  manner  that  the  edge  of  one  is  nearly 

*Thi8  instrument  has  originated  from  researches  undertaken  in  the  Volli. 
Laboratory  at  VVashinjfton,  on  the  occasion  of  the  sad  attempt  upon  the  life  of 
President  Garfield.  This  note  is  preliminary  to  a  paper  which  I  shall  publidL 
shortly,  giving  a  complete  account  of  these  researches.  It  was  read  before  tto 
French  Academy. 

So  many  dififerent  persons  have  been  kind  enough  to  give  me  the  benefit  oC 
their  suggestions  and  advice,  concerning  the  method  of  exploration  for  this  object^ 
that  I  can  only  mention  hero  the  names  of  a  few : 

Prof.  Hughes,  George  M.  Hopkins,  Sumner  Taintor,  Thomas  Gleeson,  Dr.  Chi- 
chester A.  Bell,  Charles  E.  Buell,  Prof.  Simon  Newcomb,  Prof.  H.  A.  Rowlaoda 
M.  Rogers,  Prof.  John  Trowbridge,  J.  H.  C.  Watts,  the  director  of  th«  Westeni 
Union  Telegraph  Co.  at  Washington,  and  the  correspondent  of  the  New  Yofk 
Tribune  at  Washington. 
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the  axis  of  the  other.  One  of  these  coils  (A)  is  made  of 
wire  constituting  a  portion  of  the  primary  circuit,  and 
her  (B)  of  thin  wire  constituting  a  portion  of  the  secondary 
t  Both  coils  are  embedded  in  a  mass  of  paraffine  placed 
I  interior  of  a  wooden  case  furnished  with  a  handle, 
vibratory  current  from  a  galvanic  battery  traverses  the 
iry  coil,  and  the  secondary  circuit  includes  an  ordinary 
lone.  Under  these  circumstances  no  sound  is  heard  from 
jlephone,  but  if  we  cause  any  metallic  body  to  approach 
art  (C)  common  to  the  two  coils,  the  silence  immeaiately 
place  to  a  sound,  the  intensity  of  which  will  depend  upon 
atureof  the  metallic  body,  upon  its  form  and  upon  its  dis- 

I  may  remark  in  this  connection  that  the  most  favorable 
that  can  be  assumed  by  the  projectile  for  which  we  ex- 
,  is  that  of  a  flat  disk  with  its  face  parallel  to  the  surface 
e  skin,  and  that  the  most  unfavorable,  a  similar  disk  with 
:e  perpendicular  to  the  same  surface. 
is  aifficult  in  practice  to  obtain  the  exact  adjustment  of  the 
required,  and  it  is  therefore  found  advisable  to  introduce 
he  primary  and  secondary  circuits  respectively,  two  other 
(D  and  E,  fig.  2)  analogous  to  the  first,  but  very  much 

2. 


V*»^>^0>^^A>' 


^'-'-''«C:=<| 


ler,  whose  common  surface  can  be  modified  by  the  play  of 
urometer  screw.  By  means  of  this  fine  adjustment  we  are 
easily  to  reduce  the  telephone  to  the  most  complete  silence, 
ould  be  added  that  the  effects  obtained,  when  a  condenser 
5  introduced  into  the  primary  circuit,  are  much  superior  to 
J  obtained  without,  as  had  been  independently  predicted 
Vofessor  Rowland  of  the  Johns  Hopkins  University. 

we  wish  to  ascertain  the  depth  at  which  the  metailic  mass 
imbedded,  this  is  easily  ascertained  if  we  know  a  priori  its 
,  its  mode  of  presentation  and  its  substance.     It  is  then 

necessary  to  adjust  the  apparatus  to  silence  while  it  is 
led  to  the  skin ;  after  which  removing  the  apparatus,  we 
I  near  it  another  metallic  mass  similar  to  that  explored  for 
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80  as  to  reproduce  silence  anew,  and  the  distance  of  this  mas: 
from  the  exploring  instrument  gives  the  measure  which  it  i- 
desired  to  determine. 

I  conclude  this  note  by  relating  an  experiment  made  ii 
the  office  of  Dr.  Frank  Hamilton,  of  New  York,  on  the  7th  o 
October,  last,  in  the  presence  of  thirteen  eminent  surgeons.^ 
The  experiment  was  made  upon  the  person  of  Col.  B.  F.  Clay 
ton,  wounded  in  1862.  The  ball  entered  in  front  through  th^ 
left  clavicular  articulation,  breaking  the  clavicle.  Dra  Swine 
borne  and  Vandferpool  supposed  that  it  was  lodged  under  th< 
scapula,  but  my  apparatus  demonstrated  on  the  contrary,  that  ii 
was  located  in  front  and  just  below  the  third  rib. — Oomptet 
Rendus,  Paris,  Oct  24,  1881,  vol.  xciii,  p.  625. 

Art.  VI. —  Observations  of  the  Transit  of  Mercury,  1881,  Novem- 
ber 7,  at  Mount  Hamilton,  California.  (Communicated  by  the 
Lick  Trustees)  by  Edw.  S.  Holden  and  S.  W.  Bubnham. 

Professor  Holden  and  Mr.  Burnham  were  invited  by  the 
Lick  Trustees  to  observe  the  transit  of  Mercurv  on  the  7th  of 
November,  with  the  smaller  instruments  which  have  lately 
been  set  up  at  the  Lick  Observatory. 

Professor  Holden  observed  with  a  Clark  comet-seeker  of  4 
inches  aperture  and  a  power  of  60  diameters,  the  highest  avail- 
able. Captain  R  S.  Floyd,  President  of  the  Lick  Trustee^ 
observed  with  a  small  telescope,  aperture  2^  inches  and  power 
56.  Mr.  Burnham  observed  with  the  12-inch  Clark  equatorial 
(its  aperture  being  reduced  to  six  inches)  and  a  power  of  160 
diameters.     The  assumed  position  of  Mount  Hamilton  is 

(p=i  +37°  21'  3^ 

A=  +  2'»  SB"*  14"-6  from  Washington. 

The  computed  time  of  first  contact  is  (using  the  elements  of 
the  American  Ephemeris),     2*^  O*"  42»-3. 
The  local  mean  times  as  observed  were, 

First  Contact. 

Holden^ 2^1°^    2"-3. 

Burnham 2M0"^  41*1 ;  H  —  B  =  +  2V'2. 

Second  Conta^cL 

'  Holden 2M2"^  26»-8. 

Floyd 2M2'"  15»-0;  H— F=  +  lO^'S. 

Burnham   2^  12"^    5*'1 ;  H  —  B  =  +  20*-l. 

Duration  of  Ingress. 
Holden 1"'  23»-5.  I  Burnham I'"  24*-6. 


*  Drs.  G.  H.  Gardner,  G.  Durant,  Ed.  Birmingham,  N.  Bozeman,  L.  DamainTiA 
J.  N.  Hinton,  Francis  Delafield,  F.  H.  Hamilton,  D.  Chamberlain,  Elias  Marah, , 
G.  Johnson,  Joseph  Halderson  and  J.  G.  Allan. 
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SCIENTIFIC     INTELLIGENCE. 

I.  Physics  and  Chemistry. 

Lunar  Disturbance  of  Gravity, — Mr.  G.  H.  Darwin  and 

H.  Darwin  working  upon  a  suggestion  of  Sir  W.  Thomson 
e  been  investigating  experimentally  the  lunar  disturbance  of 
►  ity  and  the  question  of  the  tidal  yielding  of  the*  solid  earth. 

apparatus  which  they  used  was,  in  its  main  features,  due  to 
\V.  Thomson  and  consisted  of  a  solid  lead  cylinder,  weighing 
>und  or  two,  which  was  suspended  by  a  fine  brass  wire  about 

feet  in  length  from  the  center  of  the  cross  beams  of  a  solid 
e  gallows.  A  spike  projected  a  little  from  the  bottom  of  the 
idrical    weight ;  a  single  silk  fiber,  several  inches  in  length 

cemented  to  this  spike,  and  the  other  end  of  the  fiber  was 
ented  to  the  edge  of  an  ordinary  galvanometer  mirror.  A 
nd  silk  fiber,  of  equal  length,  was  cemented  to  the  edge  of 
mirror,  at  a  point  near  to  the  attachment  of  the  former  fiber. 

other  end  of  this  second  fiber  was  then  attached  to  a  sup- 
,  which  was  connected  with  the  base  of  the  stone  gallows, 
nail  displacen\ent  of  the  pendulum  in  a  direction  perpendicu- 
to  the  two  silks  caused  the  mirror  to  turn  about  a  vertical 
A  beam  of  light  was  reflected  from  the  mirror  and  received 
[i  a  scale.  The  movements  of  the  mirror  were  found  to  be 
r  irregular  and  several  modifications  were  made  in  the  appa- 
&.    The  pendulum  was  hung  in  fluid  by  two  wires,  and  was 

to  oscillate  only  in  one  direction,  and  a  suitable  appliance 

added  by  means  of  which  the  values  of  the  deflections  were 
lined.  It  was  found  "  that  the  pendulum  was  subject  to  a 
nal  oscillation,  and  that  it  stood  farthest  north  toward  6  p.  m. 

farthest  south  toward  6  .s,  m.  Superposed  on  this  was  a 
lual  change  of  the  mean  diurnal  position,  for  during  two 
iths  the  {)endulum  moved  northward."  The  apparatus  was 
eniely  sensitive.  "  Water  poured  on  the  ground,  at  the  base- 
it  of  the  stone  gallows,  tilted  the  whole  structure,  and  small 
nges  of  temperature  were  found  to  give  distinct  eflects ;  1  foot 
lisplacement  in  the  spot  of  light  on  the  scale  corresponded 
I'  of  change  in  the  direction  of  the  plumb  line  with  refer- 
?  to  the  base  of  the  gallows."  The  suspension  of  the  appa- 
IS  proved,  however,  to  be  unsatisfactory  and  further  modifica- 
s  were  made  with  the  improved  apparatus ;  similar  diurnal 
nations  of  the  pendulum  were  again  observed,  and  a  similar 
r  change  in  the  mean  diurnal  position,  and  the  authors  con- 
le  that  these  changes  indicate  a  real  phenomenon  and  do 
depend  upon  the  errors  of  the  instrument.  Periods  of  con- 
ed agitation  lasting  for  several  days  were  also  noticed.  These 
xls  do  not  seem  to  be  connected  with  external  meteorological 
itions.  The  pendulum  was  not  sensitive  to  local  tremors  but 
IS  extraordinarily  sensitive  to  steady  forces.  When  a  person 
Jour.  Soi.— Third  Sbries,  Vol.  XXIII,  No.  138.— January,  ISSe. 
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stood  in  a  room  sixteen  feet  from  the  instrument,  and  agaio 
seventeen  feet,  the  difference  of  pressure  was  distinctly  shown 
the  pendulum.  An  alteration  of  the  plumb  line  through  -j-hr 
a  second  of  arc  was  easily  measurable.  The  experiments  of  1 
authors  confirm  the  previous  results  of  M.  d'Abbadiela  and  a 
of  M.  Plantamour,  who  found  that  there  were  periods  of  agi 
tion  and  quiescence  of  the  earth's  surface  without  reference 
any  perceptible  external  cause,  and  that  there  were  gradi 
changes  of  level  extending  over  several  months,  and  indicati( 
of  an  annual  inequality  of  level.  In  short  the  earth's  surface  i 
pears  to  be  in  a  state  of  continual  movement.  Previous  exp< 
ments  of  Mr.  Horace  Darwin  upon  earth  movements  are  a 
described.  The  authors  suggest  that  greater  precautions  shoi 
be  taken  in  the  protection  of  piers  for  transit  instruments.  Tb 
have  no  hope  of  being  able  to  observe  the  lunar  attraction  in  t 
present  site  of  observation,  but  think  they  may  be  able  to  dev 
a  portable  instrument  which  could  be  used  at  the  bottom  o1 
deep  mine  if  a  support  sufficiently  invariable  could  be  found  the 
(Report  of  Committee  of  the  British  Association,  consisting 
Mr.  G.  H.  Darwin,  Sir  W.  Thomson,  Professor  Tait,  Profe« 
Grant,  Dr.  Siemens,  Professor  Purser,  Professor  G.  Forbes  a 
Mr.  Horace  Darwin,  appointed  for  the  measurement  of  the  Lue 
Disturbance  of  Gravity.  Account  of  experiments  by  G. 
Darwin  and  H.  Darwin ;  read  at  York,  September,  1881.) 
Nature,  Nov.  3,  1881.  j.  t. 

2.  On  Drops  floating  on  the  surface  of  Water. — Drops 
water  are  frequently  seen  floating  for  some  time  on  the  surface 
water  before  they  disappear.  This  phenomenon  is  frequently  se 
during  showers,  and  at  the  prow  of  a  boat  which  is  throwing  i 
spray.  The  results  of  experiments  by  Professor  Osborne  Reynol 
show  that  the  surface  of  water  upon  which  these  drops  are  mai 
tained  must  be  clean.  Owing  to  the  great  surface  tension 
water  scum  is  generally  found  floating  upon  it.  If  flower  of  8i 
phur  is  scattered  upon  the  surface  and  then  removed  by  suitab 
means,  the  scum  is  carried  with  the  sulphur  and  the  water  is  k 
clean.  Upon  this  cleaned  surface  drops  of  water  float  about  f< 
some  time.  These  drops  are  entirely  confined  to  the  surfa< 
which  is  clear.  The  temperature  or  condition  of  the  air  do  n* 
appear  to  affect  the  phenomena. — Literary  and  Phil,  JSociet 
Manchester,  Oct.  4,  1881. — Nature,  Nov.  3,  1881.  j.  t. 

3.  Photometric  investigation  of  the  absorption  of  light. — < 
Pulfrich  employed  Vierordt's  spectro-photoraeter  and  also  Glans 
instrument  for  this  investigation,  and  gives  a  number  of  curv 
w^hich  indicate  the  relation  between  what  is  termed  the  extin 
tion  coefficient  and  the  absorption  constants  of  the  substanc 
examined.  The  variations  of  these  relations  under  different  co 
ditions  are  discussed;  and  Ketteler's  formula  which  express 
the  relation  between  refraction  coefficients,  extinction  coefliciei 
and  wave  lengths  is  examined  experimentally. — AnncUen  c 
Physik  wid  C hemic,  No.  10.  1881,  p.  17 7.  j.  t. 
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.  Density  of  the  Earth. — Ph.  v.  Jolly  has  employed  the 
mce  to  directly  determine  the  density  of  the  earth.  A  body 
i  weighed  in  two  stations  distant  21*005™  vertically  from  eacn 
er.  The  errors  incident  to  this  method  were  examined  and 
value  obtained  for  the  earth's  density  was  p=6'692.  The  re- 
ts obtained  by  previous  observers  are  as  follows: 

Maskelyne 4*713 

Gayendisb 5*48 

Reich 5-58 

F.  BaUy 566 

A.  Comu  and  J.  B.  Bailie 5*56 

Carlini 4837 

Airy 6-480 

Innalen  der  Physik  und  Chemie,  No.  10,  1881,  p.  331.  j.  t. 
.  On  a  new  arrangement  for  sensitive  flames  ;  by  Lord  Ray- 
GH. — A  jet  of  coal  gas  from  a  pin-hole  burner  rises  vertically 
he  interior  of  a  cavity  from  which  the  air  is  excluded.  It  then 
ses  into  a  brass  tube  a  few  inches  long,  and  on  reaching  the 
,  bums  in  the  open  air.  The  front  wall  of  the  cavity  is  formed 
i  flexible  membrane  of  tissue  paper,  through  which  external 
lids  can  reach  the  burner. 

'he  principle  is  the  same  as  that  of  Barry's  flame  described  by 
idall.  In  both  cases  the  un ignited  part  of  the  jet  is  the  sensi- 
•  agent,  and  the  flame  is  only  an  indicator.  Barry's  flame  may 
made  very  sensitive  to  sound,  but  it  is  open  to  the  objection 
iability  to  disturbance  by  the  slightest  draught.  A  few  years 
je  Mr.  Ridout  proposed  to  enclose  the  jet  in  a  tube  air-tight  at 
bottom,  and  to  ignite  it  only  on  arrival  at  the  top  of  this  tube, 
his  case,  however,  external  viorations  have  very  imperfect  access 
:he  sensitive  part  of  the  jet,  and  when  they  reach  it  they  are  of 
wrong  quality,  having  but  little  motion  transverse  to  the  direc- 
1  of  the  jet.  The  arrangement  now  exhibited  combines  very 
isfactorily  sensitiveness  to  sound,  and  insensitiveness  to  wind, 
I  it  requires  no  higher  pressure  than  that  of  ordinary  gas-pipes, 
he  extreme  of  sensitiveness  be  aimed  at,  the  gas  pressure  must 
adjust^jd  until  the  jet  is  on  the  point  of  flaring  without  sound. 
The  apparatus  exhibited  was  made  in  Prof.  Stuart's  workshop, 
adjustment  for  directing  the  jet  exactly  up  the  middle  of  the 
jis  tube  is  found  necessary,  and  some  advantage  is  gained  by 
itracting  the  tube  somewhat  at  the  place  of  ignition. —  Cam- 
Ige  Phil.  Soc,  Nov.  8,  1880. 

i.  On  an  effect  of  vibrations  upon  a  suspended  disc  ;  by  Lord 
YLEiGH. — In  the  British  Association  experiment  for  determining 
unit  of  electrical  resistance,  a  magnet  and  mirror  are  enclosed 
a  wooden  box,  attached  to  the  lower  end  of  a  tube  through 
ich  the  silk  suspension  fiber  passes.  Under  these  circumstances 
H  found  that  the  slightest  tap  with  the  finger-nail  upon  the  box 
iects  the  mirror  to  an  extraordinary  degree.  The  disturbance 
;>ear8  to  be  due  to  aerial  vibrations  witliin  the  box,  acting  upon 
!  mirror.     We  know  that  a  flat  body,  like  a  mirror,  tends  to 
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set  itself  across  the  direction  of  any  steady  current  of  the  fluid 
which  it  is  immersed,  and  we  may  fairly  suppose  that  an  effect 
the  same  character  will  follow  from  an  alternating  current.  / 
the  moment  of  the  tap  upon  the  box  the  air  inside  is  made  to  rao\ 
past  the  mirror,  and  prohably  executes  several  vibrations.  Whi 
these  vibrations  last,  the  mirror  is  subject  to  a  twisting  force  ten( 
ing  to  set  it  at  right  angles  to  the  direction  of  the  vibration.  Th 
whole  action  being  over  in  a  time  very  small  compared  with  tha 
of  the  free  vibrations  of  the  magnet  and  mirror,  the  observed  efFec 
is  as  if  an  impulse  had  been  given  to  the  suspended  parts. 

The  experiment  shown  is  intended  to  illustrate  this  effect,  i 
small  disc  of  paper,  about  the  size  of  a  sixpence,  is  hung  by  a  fin 
silk  fiber  across  the  mouth  of  a  resonator  of  pitch  128.  When 
sound  of  this  pitch  is  excited,  there  is  a  powerful  rush  of  air  in  an< 
out  of  the  resonator,  and  the  disc  sets  itself  promptly  across  th 
passage.  A  fork  of  pitch  128  may  be  held  near  the  resonator,  bu 
it  is  better  to  use  a  second  resonator  at  a  little  distance  in  order  t 
avoid  any  possible  disturbance  due  to  the  neighborhood  of  th 
vibrating  prongs. —  Cambridge  Phil.  Soc,  Nov.  8,  1880. 

1.  bison's  Electrical  Meters. — A  recent  number  (Nov.  23),  c 
the  excellent  electrical  Journal  "  La  Lumiere  filectrique,"  coe 
tains  a  description  by  the  scientific  editor,  M.  Th.  Du  Moncel,  o 
two  forms  of  meters  designed  by  Mr.  Edison  to  measure  th 
amount  of  electricity  consumed  in  a  given  case  either  for  mechan 
ical  purposes  or  for  lighting.  One  of  these  is  very  simple  in  cor 
struction,  but  requires  that  a  weighing  operation  should  be  pei 
formed  each  time  it  is  desired  to  learn  the  amount  of  electricity 
which  has  been  consumed ;  the  other  is  somewhat  more  compli 
Gated,  but  accomplishes  all  its  results  automatically,  making  i 
record  on  a  dial  after  the  manner  of  ordinary  gas  meters. 

The  first  of  these  consists  of  two  closed  copper  sulphate  volta 
meters  placed  in  separate  adjoining  compartments  of  the  enclos 
ing  case;  to  one  of  these  the  subscriber  is  supposed  to  havi 
access  and  the  other  is  to  be  used  for  verification  by  the  officer  o 
the  company  which  supplies  the  electricity.  The  electrodes  ii 
each  cell  are  formed  of  copper  plates  placed  near  to  each  other  » 
that  as  the  current  passes  a  deposit  of  copper  is  made  on  one  o 
them  by  the  electrolytic  action.  Tfie  current  passing  througl 
the  voltameters  is  a  branch  of  the  main  Current  which  is  beinj 
used,  and  by  means  of  a  small  resistance  coil  its  intensity  is  re 
duced  to  a  small  fraction,  perhaps  one  one-hundredth,  of  it.  Th 
use  of  the  instrument  is  as  follows:  When  the  current  passes  ii 
the  main  circuit  to  effect  its  work,  either  mechanically  or  in  illi 
mination,  a  certain  known  j)ortion  of  it  traverses  the  two  volta 
meters  and  causes  in  them  a  deposit  of  copper  which  is  propoi 
tional  to  the  given  current  in  the  given  time.  As  the  exact  reh 
tion  between  the  intensity  of  the  cun'ent  which  traverses  the  vo 
tameters  to  the  main  cuiTcnt  is  known,  it  is  easy  to  deduce  th 
quantity  of  electricity  which  has  been  used  from  the  amount  c 
copper  deposited  on  the  negative  electrode ;  the  weight  of  coppc 
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is  obtained  whenever  desired  by  removing  the  electro<ie  and 
weighing  it.  As  a  supplementary  arrangement,  designed  to 
remove  all  danger  of  the  freezing  of  the  liquid  in  the  voltameter, 
a  metallic  thermometer  is  placed  beneath,  so  adjusted  that  when 
the  temperature  falls  near  the  freezing  point  a  second  branch  cur- 
rent is  sent  through  an  incandescent  lamp  and  the  heat  thus  pro- 
duced is  sufficient  to  accomplish  the  end  named. 

The  second   form    of  electrical   meter   cannot   be  intelligibly 
described  in  all  its  ingenious  details  without  reference  to  the  fig- 
are  which  accompanies  the  original  article,  but  the  main  principle 
is  not  complex.     It  consists  of  .two  voltameters  each   placed  be- 
neath one  end  of  the  beam  of  a  balance.     The  cells  are  filled  with 
saturated  copper  sulphate  and  in  each  there  is  a  fixed  cylindrical 
electrode  of  copper  and  fitting  within  it  a  similar  electrode  but 
movable,  being  suspended  from  the  beam  of  the  balance  above. 
The  arrangement  of  the  current  is  such  tliat  these  electrodes  play 
alternately  the  parts  of  electrodes  of  solution  and   of  reduction. 
As  the  current  passes  there  results,  consequently,  first  an  increase 
of  weight  of  one  movable  electrode  from  the  deposit  of  copper, 
and  a  loss  of  weight  of  the  other,  and  this  causes  a  deflection  of 
the  beam  of  the  balance.     A  counterpoise  suspended  by  a  slender 
vertical  rod,  from  the  center  of  the  moving  beam,  is  thus  moved 
to  one  side  until  contact  is  made  with  an  electro-magnet,  and  by 
means  of  an  oscillating  lever  the  current  is  reversed.     In   conse- 
quence of  this  change  the  respective  gain  and  loss  of  weight  of 
the  movable  electrodes  are  also  reversed,  and  corresponding  to  this 
the  balance  beam  regains  its  horizontal  position  and  is  then  de- 
flected to  the  other  side.     Tliis  continues  until,  as  before,  the 
movement  of  the  counterpoise  causes  another  reversal  of  the  cur- 
rent, and   so  on.     By  means  of  the  same  oscillating  lever  which, 
by  its  connection  with  the  suspended  counterpoise,  brings  about 
the  reversal  in  the  current  at  the  proper  moment,  each  deflection 
of  the  balance  beam  is  registered  on  a  dial  plate,  and  as  the  rela- 
tion between  the  current  in  use  and  that  passing  through  the  vol- 
tameters is  exactly  known,  and   as  the  weight  of  copper  which 
must  be  deposited   on  the  movable  electrode  in  order  to   bring 
about  one  swing  of  the  balance  (determined  by  the  weight  of  the 
counterpoise)  is  also  known,  it  is  easy  to  deduce  the  amount  of 
electricity  which  has  been  used  from  the  readings  of  the  dial  plate. 
8.  On  the  Carbonic  a^cid  in  Sea-water  ;  bv  Hkrcui.ks  Tornoe. 
The    Norwegian    North    Atlantic     Expedition    of    1876-1878. 
Chemistry,  pp.  24-44). — The  early  determinations  of  the  amount 
of  carbonic  acid   in  sea-water  show  a  very  wide  variation.     For 
example,  Fromy  gives  2'2  to  2*8  c.  c.  to  the  liter  of  surface  water; 
Pisani  gives  60  to  8*1  c.  c. ;  while  by  a  somewhat  different  pro- 
cess Bischof  obtained  39M)  c.  c.  and  VWel  55*6  to  116*3  c.  c.     In 
these  earlier  experiments   the  carbonic  acid   was  driven   off  by 
boiling  under  the  normal  pressure,  and  tlie  amount  thus  collected 
was  assumed  to  have  been   present  free  as  gas  or,  to  a  small 
extent,  combined  in   bicarbonates.     In  the  later  determinations, 
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made  in  connection  with  the  "  Pommerania  "  Expedition  of  ] 
in  which  the  gaseous  elements  in  the  water  were  boiled 
at  a  very  low  temperature  under  diminished  pressure,  it 
found  that  the  quantity  of  carbonic  acid  expelled  was  sn 
moreover,  when  the  same  sample  of  water  was  again  boiled 
results  obtained  were  very  variable.  Jacobsen  was  led  by  t 
results  to  investigate  anew  the  absorptive  capacity  of  sea-^ 
for  carbonic  acid.  He  determined  the  amount  contained  ii 
water  of  the  North  Sea  to  be  about  100  mgr.  per  liter,  and  of 
he  concluded  that  only  a  very  small  proj)ortion  was  obta 
from  the  bicarbonates ;  and  further  he  was  confident  that  no 
tion  of  the  neutral  carbonates  was  decomposed  by  the  boi 
process.  He  found,  however,  that  even  when  the  boiling  pre 
was  carried  on  under  the  full  atmospheric  pressure  the  carh 
acid,  though  supposed  to  exist  in  the  gaseous  form,  e8cape< 
slowly  that  concentration  to  about  one-tenth  of  the  original 
ume  was  needed  to  obtain  it  all.  To  account  for  this  phei 
enon  Jacobsen  ascribed  to  sea-water  a  peculiar  power  of  retail 
its  carbonic  acid  depending,  as  he  believed,  upon  the  magnes 
chloride  present.  This  hypothesis  was  adopted  by  J.  Y. 
chanan,  chemist  of  the  "  Challenger  "  Expedition,  who  also,  as 
result  of  a  series  of  experiments,  concluded  further  that  rao 
the  salts  present  in  sea-water  had  this  i)roperty  of  retaining 
carbonic  acid,  but  most  of  all  the  sulphates.  He,  accordir 
in  his  determinations  first  |)recipitated  the  sulphuric  acid 
barium  chloride,  but  otherwise  adopted  the  method  of  Jacol 
The  amount  of  carbonic  acid  in  the  water  of  the  Southern 
he  found  to  be  43-26  mgr.  per  liter. 

The  conclusions  which  have  been  described  were,  howt 
questioned  by  Tornoe,  of  the  Norwegian  North  Atlantic  Ex| 
tion,  and  his  experiments  lead  to  a  very  diiferent  result.  Coi 
ering  it  more  probable  that  the  carbonic  acid  obtained  wa<»  der 
from  the  decomposition  by  the  protracted  process  of  boiling  ol 
neutral  carbonates  present,  than  that  it  existed  as  a  gas  and 
retained  under  the  peculiar  conditions  supposed,  he  carried 
series  of  experiments  to  decide  this  point.  Two  hundred  c. 
sea-water  were  distilled  nearly  to  dryness  and  the  carbonic 
collected  in  baryta  w^ater;  202  mgr.  w^ere  found  to  have  1 
driven  off.  Freshly  boiled  water  was  now  j)Oured  on  the  res 
and  it  then  evaporated,  the  result  yielding  only  a  trace  of  carb 
acid  ;  finally  some  purified  and  freshly-heated  soda  w^as  ad" 
and  the  whole  again  diluted  to  the  original  volume.  As  \ 
now  as  the  boiling  commenced,  the  carbonic  acid  was  liber: 
in  quantities  so  large  that  part  })assed  unabsorbed  through 
baryta  water.  The  exj)eriment  was  also  repeated  with  pre< 
tated  calcium  carbonate,  and  the  carbonic  aci<l  expelled  from  ' 
considerable  quantities,  though  not  so  large  as  before.  T 
results  prove  beyond  question  that  the  earlier  methods  of  d( 
mining  the  free  carbonic  acid  in  sea-water  were  inaccurate,  i 
much  as  the  boiling  process  causes  a  decomposition  of  the  nev 


Physics  and  Chemisinj.  55 

carbonates.  In  the  autumn  of  18*78  the  experiments  of  Tornoe 
were  again  resumed,  after  an  interval  of  about  a  year.  By  the 
066  of  an  improved  form  of  apparatus  devised  by  Classen,  the 
total  amount  of  carbonic  acid  yielded  by  sea-water  on  boiling 
▼as  determined,  and  found  to  agree  very  closely  with  that 
obtained  by  Jacobsen's  method.  The  determinations  were,  how- 
ever, carried  still  further,  and  not  only  the  total  amount  measured 
bat  also  that  portion  present  in  combination  with  neutral  carbon- 
ates, and  the  difference  between  the  two  gave  the  amount  com- 
bined with  bicarbonates,  for  it  is  shown  that  the  earlier  observa- 
tions can  only  be  explained  in  case  the  water  contains  no  free  gas. 
Tomoe  gives  a  table  in  which  the  results  of  seventy-eight  determin- 
itions,  made  with  water  taken  between  65°  and  80  N.  latitude, 
from  various  depths,  from  the  surface  downi  to  1861  fathoms. 
The  table  shows  a  remarkable  constancy  in  results,  the  amount  of 
carbonic  acid  forming  carbonates  varying  from  48*4  to  54*'7  mgr. 

Pr  liter,  and  that  forming  bicarbonates  from  39*7  to  48  mgr. 
a  few  exceptional  observations  made  on  water  taken  from 
points  near  the  ice  on  the  coast  of  Greenland  are  excluded,  the 
extreme  variations  are  only  4  mgr.  and  8  mgr.  respectively. 
As  the  average  result,  the  amount  of  carbonic  acid  forming  neu- 
tral carbonates  is  found  to  be 

52-78  ±  0-083  mgr. 

per  liter,  with  a  probable  error  for  a  single  observation  of  0*662 
mgr.,  and  for  that  forming  bicarbonates 

43-64  ±  0-16  mgr. 

with  a  probable  error  of  1*26  ingrs.  per  liter.  A  series  of  experi- 
ments were  also  carried  on  to  explain  the  liberation  of  gas  from 
the  carbonates  on  boiling,  and  the  conclusion  is  reached  that  this 
is  due  to  the  slow  reciprocal  action  of  the  carbonates  and  salts  of 
magnesia  it  contains.  In  regard  to  the  character  of  the  carbon- 
ates present  in  sea-water,  Tornoe  believes  it  probable  that  they  are 
rather  sodium  and  potassium  carbonates  than  carbonate  of  cal- 
cium, this  supposition  serving  to  explain  the  alkaline  reaction  of 
sea-water  noted  by  him,  and  also  the  resistance  to  decomposition  ob- 
served, allowing  of  their  being  exposed  for  an  hour  together  to  a 
temperature  of  nearly  90°  C.  without  effect.  Earlier  determina- 
tions of  the  amount  of  carbonates  present  have  given  in  some 
cases  none,  in  others  only  traces,  and  in  others  as  much  as  0-3  gr. 
per  liter.  This  variation  is  explained  by  the  fact,  which  will  be 
clear  from  what  has  preceded,  that  the  methods  employed  were 
not  such  as  to  allow  of  even  approximate  accuracy. 

9.  On  the  Action  of  the  Oxides  of  Nitrogen  on  Glass  at  a  high 
temperature/  by  Thus.  M.  Mou(;an. ^-Several  attempts  were 
made  to  determine  the  nitrogen  in  organic  nitro-derivatives  by 
beating  the  substance  in  sealed  tubes  of  hard  glass  containing 
oxygen,  and  in  presence  also  of  a  little  mercury  to  effect  the 
reduction  of  any  oxides  of  nitrogen  which  might  l»e  formed,  but 
in  all  cases  the  nitrogen  obtained  was  considerably  less  than  the 
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(|uantity  theorotically  present  in  the  substance  analysed, 
source  of  this  deficiency  was  eventually  traced  to  the  action  w 
the  oxides  of  nitrogen  exerted  on  the  alkali  of  the  glass,  and 
on  the  mercury.  For  when  some  of  the  tubes  which  had  1 
subjected  to  a  temperature  not  above  dull  redness  were  wai 
with  a  little  water,  the  washings  could  always  be  shown  to 
tain  a  nitrate  and  a  soluble  salt  of  mercury ;  others,  the  temj 
turo  of  which  had  been  higher,  contained  nitrates  and  nitr 
but  no  soluble  mercury  salt. 

For  the  purpose  of  showing  more  conclusively  that  the  g 
was  thus  attacked,  and  in  order  also  to  investigate  the  exten 
the  action,  the  following  experiment  was  performed  :  A  tub 
hard  glass,  60  c.  c.  capacity,  was  cleaned  until  the  evapon 
washings  left  no  appreciable  residue.     A  quantity  of  oxygen 
next  introduced,  and  then  so  much  nitric  oxide  that  the  tube 
fiUiHl  with  red  fumes ;  after  which  it  was  heated  to  dull  redi 
for  two  houi*s.     When  cold  it  was  still  full  of  red  fumes, 
wlien  these  were  withdrawn   it  was  washed  as  before,  and 
evauorated  washinsjs  left  a  residue  of  0*0038  of  a  grm.,  consist 
of  nit  nit  OS  and  nitrites      The  same  experiment  was  repeated  tl 
limes  on  the  same  tube  ;  the  second  residue  was  0*0044  of  a  g 
and  the  Xh\n\  OOOJ'J.     Another  tul>e  gave  0*0048. 

As  might  W  expeoteil,  this  action  is  much  more  energetic  ; 
high  than  at  a  low  temjK»ratun\  and  it  appears  to  be  very  sli 
until  the  heat  appn^aohes  nnlness.  In  the  analysis  of  such  ni 
g\MioMS  ooui^H>unas  us  liave  the  nitrogen  in  combination  with  c 
giMK  a  ooriain  dotioienoy  of  nitri>gen,  varying  with  the  temp 
turo  omplove^U  niav  therefore  Ih»  ex^^eeteiL — Chem,  Xeics/^ 

IL  iiKv^UH.Y  AXD  Mineralogy. 

I,  (>*♦  thf  /Vr»\H/it>i/  I "imVf /iViK*  of  Ghwi^:rf. — Mr.  F. 
Kt^KKU  v^f  Mor^^  has  an  impi>rtam  memoir  on  this  subject 
the  l^t^nova  .Vn*hivt'«>  des  Soieiuvs  Pby>ique>  et  Nature! 
Jluh\  ISSK  ^vis^sl  iM\  obs*^rvation>  in  tht-  Alp>w  He  refers  to 
>:rt>Al  el^^ug^itiou  of  the  Gnndolw:i!d  iiiaoier  in  1593.  that  of 
\vv^M^s  iu  vStT,  of  t»u  iioruor  ^rl^oier  ir.  1>37.  and  also  of 
ix-'Wwri^ibU"  *h\>rtt  uiui:  v^*  ;he  i^nv.delw^ilvi  glacier  in  1540  an< 
the  ^Arvx"  Swis^i  c»aoitrs  o'*^<rAr.v  ivi  -\\vr.:  uaie^,  and  seekf 
ASKVTiAir,  tbv  oauM    of  tht   o^^ririiw      T:.v    f-C^irinij  is  a  b 

r  0  \r^;h  of  A  i:'A**:or  vjih<>s  K  Vx^.  .\   I-  :Kr^  w:;h   \\\  the  s 
r.\    v^f  wo XIX  ;*^>'l     :L>;h<    :v.t'>..Vi:    o*'   :ht    :c^   or   oNation 
?i>^v,'>  v^f  ""^AV      A*'  ;r.Uvv:    >v.>*>   ^r^:S;'.   :: ;  h,rAt    thins 
^•.^"'.o-s  v;.      l>-t  <  o--  t-    -'i:  V\   "t^:  :v  >.::vr-:Tr!<  or  tb^  supj 

of  ^^0%    r  *\-<  %^^';<T^  *>/ "o;  a.v^v  y-^vrv.    ;:.  '  Ji\r  t^een  refci 
•^  its  :W  .'>.>tt  oji.i-^    -•'  ^A-.i::.v.      K  ;:     ':>><  r.  i*>:ri>  >bow  1 
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led  in  1821  by  Venetz,  and  fully  propounded  in  1831  by  F.  J. 
gi,  the  able  professor  of  Soleur.  The  points  are  these : — 
1.)  7%«?  law  of  long  periodicity.  —  Glaciers  vary  by  long 
iods — five,  ten,  twenty  years  or  more,  not  by  annual  changes. 
€  Pfarrbuch  of  Grindelwald,  from  1576  to  1602,  underwent 
.>at  elongation ;  from  1602  to  1620,  was  stationary;  frora  1666 
1680,  shortened;  in  1703,  reached  its  maximum  elongation;  in 
20,  reached  a  maximum  retreat,  and  in  1743,  a  maximum  olon- 
don;  in  1748,  again  made  a  maximum  retreat;  in  1770  to 
78,  lengthened;  in  1819,  became  much  elongated,  and  in  1840 
.8  still  advancing ;  but  from  1865  to  1880,  has  had  a  period  of 
reat. 

(2.)  The  laio  of  variation  contained  in  the  law  of  retreat. — In 
70  and  1871,  Dufour  and  Forel,  when  studying  the  condensa- 
tn  of  the  moisture  of  the  air  on  the  glacier  of  the  Rhone  and 
?  evaporation  of  the  ice,  were  struck  with  the  fact  of  the  very 
ident  retreat  of  this  great  glacier.  From  observed  facts  by 
I.  Gosset  and  his  aids,  of  the  Swiss  Alpine  Club,  it  has  been 
md  that  from  1867  to  18  70  the  retreat  was  23  meters  a  year; 
>m  1870  to  1874  the  retreat  was  71  meters  a  year;  and  from 
74  to  1880  the  retreat  was  41  meters  a  year.  Thus,  through 
years,  retreat  has  been  going  on  with  no  year  of  advance.  So, 
}0,  the  glacier  des  Bois  was  in  retreat  from  1864  to  1876; 
at  of  the  Bossons  from  186  4  to  1876,  and  tlie  upper  glaciers  of 
rindelwald  have  continued  to  retreat  since  1866. 
The  facts  connected  with  the  Rhone  sustain  the  conclusion 
at— 

The  determining  factor  in  tlie  variations  of  length  in  glaciers 
not  ablatiany  but  the  rate  of  onward  movemoit  in  the  ice, — The 
tw  of  the  ice-stream  acts  conjointly  with  the  melting.  The  lat- 
r  is  a  consequence  of  annual  changes  and  therefore  is  irregular 
id  of  rapid  action,  and  hence  cannot  be  the  cause  of  the  long 
iriodicity  exemplified  in  the  glacier  of  the  Rhone.  The  former 
jpends  on  changes  of  long  periodicity  in  meteorological  condi- 
)n8 — heat,  moisture,  winds. 

In  the  24  years,  from  1857  to  1880,  there  were  15  yeare  in 
hirh  the  mean  temperature  of  the  summer  was  above  the  nor- 
al,  and  9  years  in  which  it  was  below  ;  16  years  in  which  the 
ean  for  the  year  was  above  the  average,  and  8  in  which  below ; 
id  these  numbers  were  for  the  absolute  humidity,  14, 10,  and  16, 
;  and  for  precipitation,  14,  10,  and  12,  12.  Thus  the  long- 
nod  condition  was  one  that  should  have  produced  a  retreat ; 
e  diminished  flow  of  the  glacier  was  the  great  factor  and  must 
}  80  for  all  cases.  Ablation  does  an  imi)ortant  part  of  the  work, 
It  is  subordinate  to  the  rate  of  flow. 

Small  variations  in  the  thickness  of  a  glacier  in  its  upper  pait 
ward  its  source,  produce  large  changes  in  the  movement  below, 
ugmented  thickness  above  produces  more  rapid  movement,  and 
msequently  a  less  long  exposure  to  ablation,  and  thereby  less 
>88  in  ice ;  and  the  reverse  for  diminished  thickness.     The  gla- 


58  Scientific  Intelligence, 

cier  when  shortening,  loBes  also  in  its  other  dimensions.  Tl 
is  internal  ablation  as  well  as  external — interstitial  fusion-  tal 
place  between  the  grains  of  the  glacier  and  ablation  along 
walls  of  crevasses ;  and  this  action,  besides  being  one  of  the  rtn 
by  which  the  thinning  takes  places,  causes  loss  of  movement, 
amount  of  which  diminishes  upward  along  the  glacier.  M 
over,  the  greater  the  thickness  the  less  proportionally  is  ther 
this  internal  ablation.  Internal  ablation  tends  then  to  exagj 
ate  the  small  variations  in  the  rate  of  flow,  and  produces  gi 
efi^ects  in  the  inferior  part  of  the  glacier,  although  small  above 

The  variations  in  the  amount  of  snows,  which  cause  the  grea 
thickness  of  the  glacier  at  its  source,  depend  on  long  tering 
periodicity.  The  precipitation  at  Geneva  was  below  the  non 
(88169™'")  from  1835  to  1841  inclusive;  above  it,  1842  to  18 
near  the  normal  in  1858  to  1861 ;  below  it  in  1862  to  1877  ;  ab< 
since  1877.  It  is  seen  that  there  is  an  approximate  parallel] 
between  these  changes  and  the  variations  in  the  glaciers  of 
Alps.  The  efi^ects  are  not  immediate,  as  should  be  expected, 
follow  more  or  less  closely  the  greater  meteorological  movemei 

It  is  seldom  that  all  the  glaciers  of  the  Alps,  without  \ 
exception,  lengthen  or  shorten  together.  In  this  century,  the  o 
case  of  simultaneous  elongation  took  place  in  the  year  1817  J 
1818,  and  the  only  one  of  general  retreat  in  1872  to  1874.  T 
ing  the  years  1812  to  1836,  most  of  the  glaciers  underwer 
shortening ;  but  the  Bois,  Unteraar,  and  Gorner  glaciers  com 
ued  for  some  years  their  movement  of  elongation.  The  period 
shortening  which  included  the  above-mentioned  years,  1872-18 
commenced  in  Mont  Blanc  about  1854;  in  the  Upper  Grinc 
wald,  in  1855;  the  Gic'troz,  in  1855;  the  Hhone,  in  1857; 
Aletsch,  in  1860;  the  Gorner,  in  1870;  the  Fiesch,  in  1870; 
Unteraar,  in  1871;  and  it  ended  with  the  Bossons  about  18' 
with  the  Bois,  in  1879;  the  Trient,  in  1879  ;  the  Gietroz,  in  18 
The  facts  seem  to  show  that  it  took  twenty  years  after  the  cy 
of  retreat  began  for  the  time  of  simultaneous  retreat  to  arrive. 

Hugi,  besides  giving  the  above  explanations,  illustrates  thera 
reference  to  the  same  class  of  facts,  though  of  less  range  of  yef 

With  regard  to  the  coming  on  of  the  con<litions  of  the  Glacial 
nod  in  the  Alps,  the  author  attributes  the  result  chiefly  tc 
gradual,  but  feeble,  augmentation  in  the  annual  fall  of  snow 
pending  on  slight  changes  in  hygrometric  conditions,  conned 
with  a  series  of  moist  and  mild  winters  and  moist  and  cold  sr 
mers,  as  was  long  since  suggested  by  Professor  (^uyot.  The 
crease  in  the  snows  thickens  the  ice,  quickens  movement,  wid< 
the  area  of  the  neve,  unites  glaciers  before  separate  and  tl 
quickens  the  rate  of  flow  through  a  diminution  of  frictic 
causes  an  increase  of  snows  and  a  general  cooling  of  the  dima 
makes  new  glacier  areas,  and  tends  thus  to  augment  all  the  abo 
mentioned  eflects. 

But  M.  Forel   adds,  while  these  eflVcts  would   follow  in  mo 
tain  regions  like  the  Alps,  other  regions,  as  the  Vosges,  the 
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ennes,  the  mountains  of  Scotland,  etc.,  which  are  now  remark- 
We  for  the  amount  of  rain,  show  that  increase  in  humidity  is  not 
;he  only  cause  needed  to  bring  on  a  Glacial  era ;  it  is  necessary 
ilw  for  such  countries  that  there  should  have  been  a  general 
lowering  of  the  temperature  of  Europe. 

2.  Ofi  the  Movement  of  Glaciers, — The  observations  made  by 
Messrs.  Koch  and  Klocke  in  1879,  on  the  Morteratscli  glacier  in 
Eastern  Switzerland  to  determine  the  rate  and  character  of  its 
movement  have  already  been  described  in  this  Journal  (xix,  425). 
rhe  same  observers  in  the  following  year  (Sept.,  1880)  made  a 
lecond  series  of  similar  measurements,  using  essentially  the  same 
nethods  as  before.  It  will  be  r^^membered  that  their  first  obser- 
rations  seemed  to  prove  a  considerable  and  unexpected  degree  of 
rregnlarity  in  the  movement.  It  was  found,  for  example,  that  the 
jame  point  could  have  a  motion  in  both  a  vertical  and  horizontal 
direction,  and  that  two  points  not  very  far  apart,  in  some  cases, 
moved  at  a  different  rate  or  even  in  opposite  directions.  The  ob- 
Bervations  of  1880  have,  on  the  whole,  given  a  rather  negative 
result  since,  for  some  unknown  reason,  the  motions  measured  were 
much  smaller  than  before,  those  in  a  vertical  direction,  for  exam- 
ple, hardly  exceeding  the  unavoidable  errors  of  observations. 
The  authors  state  in  detail  their  improved  methods  and  the  means 
taken  to  eliminate  the  errors,  and  finally  give  tables  showing  the 
results  of  their  measurements  during  two  or  three  days  out  of 
the  fourteen  over  which  the  series  extended.  They  conclude  that 
tiie  amount  of  observed  movement,  vertical  and  horizontal,  often 
did  not  exceed  the  probable  error,  and  hence  their  results  do  not 
allow  of  satisfactory  discussion,  but  that  they,  notwithstanding, 
mdicate  real  ice  movements,  and  are  not  to  be  referred  to  irreg- 
ularities in  the  position  of  the  observing  telescope. —  Wied.  Ann., 
1881. 

3.  Ou  Soilcap-Motion  ;  by  H.  W.  Coppingek,  Esq.,  M.  D. — 
I  wish  to  call  attention  briefly  to  a  phenomenon  which,  so  far  as  I 
am  aware,  exists  to  an  unparalleled  degree  about  the  shores  of 
Western  Patagonia,  and  whose  presence  there  is  in  a  great  meas- 
ure due  to  the  exceptionally  wet  nature  of  the  climate.  I  allude 
to  a  slippage  of  the  soilcap,  which  is,  I  believe,  continually  taking 
place  over  the  basement  rock  wherever  the  latter  presents  a  moder- 
ately inclined  sui-face.  Some  of  the  eflects  of  this  soilcap-motion 
are  apt  to  be  confounded  with  those  due  to  glacial  action  ;  for  the 
soilcap  takes  with  it  in  its  progress  not  only  its  clothing  of  trees, 
ferns,  and  mosses,  but  also  a  "  moraine  profonde"  of  rocks,  stones, 
stems  of  dead  trees,  peat  and  mud,  whereby  the  hills  of  this  region 
are  being  denuded,  and  the  valleys,  lakes  and  channels,  gradually 
filled  up. 

On  arriving  at  the  Patagonian  archipelago  my  attention  was 
directed  to  this  subject  on  noticing  that  the  lower  branches  of 
trees  fringing  the  sea-shore  were  in  many  places  withering  from 
immersion  in  the  salt  water,  and  that  in  some  cases  entire  trees  had 
perished    prematurely    from    their  roots   becoming  entirely  sub- 
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/■»•  l->.-5Jiig  irionr  closely  I  ol»served  that  the  sod 
cj:'^:  rinil»er,  luingle^l  with  titones,  were  often  to  be  fi 
^  ,„.  K-i:'  ai  ••!  thf'  inshort'  waters,  aii<l  that  the  beds  of  fn 
,.^i..-  ujks'!'  were  plentifully  ^trewIl  with  similar  fragments  of  wo 
:iv  -¥«3L-*:->of  forests  prematurely  destroyed.  As  the  soilcap, 
i^  s.:  r-r.2  m«Hioii,  readieh  the  water,  the  soluble  portions  are 
w>.  vt*i :  and  just  ^l^  stones  and  bowlders  are  often  seen  deposit 
:r  4:rv*ies*|ue  situations  >)y  a  melting  iceberg  or  a  receding  glaci 
j<^  are  the  phenomena  of  "  perched  rocks"  to  be  here  observe 
aiihongh,  in  the  class  f>f  cases  to  which  I  refer,  due  to  a  total 
different  cause.  These  facts  are  all  the  more  interesting  fix 
their  occurring  in  a  region  where  the  effects  of  old  glacial  acti 
are  to  be  seen  in  a  nnirked  degree.  Planings,  scorings,  striie  ai 
"  roches  nioutornie(*s"  may  almost  invariably  be  found  wherev 
the  rock  is  suf!i<^iently  (capable  of  resisting  the  disintegratii 
influence  of  tlu;  weathc'r  to  retain  these  impressions.  Thus  th< 
are  nowhere  to  be  sccmi  on  the  coarse-grained,  friable  syenit 
which  is  the  common  rock-formation  of  the  district;  but  whe 
this  rock  is  intersected  by  dikes  of  the  more  durable  greenstor 
the  above-mentioned  signs  of  former  glacial  action  may  be  8e< 
well  dev<'lope<l.  There  are  therefore  in  this  region  ample  oppc 
tunities  of  comparing  and  ditferentiating  phenomena  which  ba^ 
resulted  from  "glacial  action"  and  those  which  are  due  to  **80 
cap-nu>tii»n" — a  I'on'e  now  in  active  operation. 

1  may  hciv  obserxe  that  we  tlid  not  see  any  glaciers  worthy 
the  name  either  on  tin*  western  islands  or  abutting  on  the  mainlan 
shores  of  Patagonian  channels,  although  they  undoubtedly  exist  fa 
ther  eastward,  and  discharge  icebergs  at  the  head  of  some  of  tl 
deep  tiords.  In  the  main  stniits  of  Magellan  there  are  tine  exampl 
K^i  oomplete  and  incomplete  glaciei's,  where  may  Ih»  observed,  in  s 
its  grandeur,  the  wonderful  deiniding power  which  these  ponderoi 
uuisses  of  ice  exercise  as  ihev  move  silent  Iv  alonix  their  rockv  bed 
Sir  Wyxille  Thomson  (vi«le  *  Voyage  of  the  Challenger,*  tl 
*•  Atlantic/'  vol.  \i,  p.  lM:*)  attributes  the  celebnited  *' stone  river 
of  the  Falkland  Islands  \\>  the  tran>porting  action  of  the  soilca 
which,  anu»ng  other  c:ulso^,  derives  its  nu>ti«>n  from  expansion ai 
contraction  of  the  spongy  inas<.  due  to  \  arving  conditions  of  mois 
urc  and  com«»ar:Mive  tlryiuss;  and  thi>  hyp«»ihesis  is  to  a  certa: 
ixttnt  supported  bv  the  ocfnr»vnces  which  [  am  now  endeavorir 
to  de>cnbe.  Ucr*\  in  WcMern  Pat:iir«^nia.  an^  everirreen  forest 
;uiii  a  dcuM'  uutlcrirri^wih  of  brn>h\\ood  and  mosses  clothes  tl 
hiri>i«U>  ^v^  n  hrii^ht  of  about  loou  i\it  ;  and  this  mass  of  veget 
:^':\  \x^.:i.  i!s  >nl\i;u\  n:  soil,  rt'>Tinir  ;^>  n  mM|Uenily  does  uj>on 
V:r;>i.lt  .r.nriin  t»*::i:iiHi  \»\  ici-:u  tii«r..  i.a:i;ra-.v  it-nds,  under  tl 
::-.::.;iv.^  ^M  i:r;i\  .^tVi.^v.  i-.'in'i'.^.]  w'tV  :':.:r  kA  i\]iun<ion  and  co 
\ rii ^-^i i .0 : .  :  1^  >  1 : .i •.  ^ *;.  i a ; . '. '. \  i * •  \* :. « :i •  \i  . .  T ■ ,  ; I  v.i ci  1  s  the  sea  or 
';Ak«  iv  X  :"«V.t  ^ .  1:.  Til  r'>i  u^.-,:4Si>  i:>  'Tt-t  » -1^1  is  tlu-n  remove 
V'\  \\\i  A <'\  1  V.  * :  : i : t  >* : . 1 1  t\  i : .  /i : v.  i v : ; i  v  >  * r: i  .\ "' . :i •  •» r. .'j  1  og\ ^us  t o  tl 
^■^sjir.C  !■:  \\\  'iuViii;  r^r-i  ^'  .  .:  :"  ;i  l^f-i-i  /  ,:  -I  i:":K;'u  :■  ii-  ihv  >ui 
«>ci  nnii  ;  «i«^.  \\\  ilu    i.-fiM  i;*^-.  \\.k  \u\\\   :«t\vr.;t>  Oi-JiVvrieil  in* 
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h  appears  to  me  that  the  conditioiiB  which  are  said  to  have  re- 
died  in  the  production  of  the  "  stone  rivers"  of  the  Falklands 
iwe  exist  in  equal  if  not  greater  force.  There  is  the  thick,  spongy, 
reeetable  mass  covering  the  hillsides  and  acted  on  by  varying  con- 
fitiODS  of  extreme  moisture  and  comparative  dryness ;  there  are 
tie  loose  blocks  of  disintegrating  syenite  to  be  transported ;  and 
diere  are  the  mountain-torrents,  lakes  and  sea-channels  to  remove 
tbe  soiL  Of  actual  motion  of  the  soilcap  we  have  at  least  strong 
preiramptive  evidence ;  but  nowhere  in  the  valleys  have  I  found 
iDTthing  resembling  a  "  stone  river." 

It  might  perhaps  be  thought  that  a  slow  and  gradual  depression 
rftbe  land  would  account  for  some  of  the  above  phenomena;  but 
I  have  seen  no  reliable  sign  whatever  of  subsidence^  and  have,  on 
tbe  contrary,  the  evidence  of  numerous  raised  beaches  and  the 
fork  of  the  stone-boring  moUusca  at  heights  above  the  present  sea- 
level  to  prove  that  elevation  of  the  land  has  taken  place. 

The  subject  is  one  full  of  interest ;  and  feeling  confident  that  it 
iriU  repay  further  investigation. —  Quart  J,  Geol,  Soc,  1881,  348. 

4.  Evaporation  and  eccentricity  as  co-f  actors  in  Glacial  periods, 
—Rev.  E.  Hill  discusses  this  subject  in  a  paper  published  in  the 
Geological  Magazine,  viii,  p.  481,  November,  1881.  He  observes 
that  the  capacity  of  air  for  aqueous  vapor  increases  with  the 
temperature,  but  in  a  rapidly  increasing  ratio ;  and  accordingly  the 
absolute  quantity  of  vapor  required  to  saturate  a  given  volume 
of  air  at  different  temperatures  varies  much  more  widely  than  do 
the  temperatures.  A  consequence  of  this  relation  is,  that  if  two 
Tolames  of  saturated  air  of  different  temperatures  are  mingled, 
precipitation  must  occur.  For  example,  a  cubic  meter  of  air  at  10° 
C.and  20**  C.  would  contain,  respectively,  9*83  and  1'7'19  grams,  or 
an  aggregate  of  26*67  grams  of  vapor ;  but  when  mingled,  the  mix- 
tinpe  would  assume  the  mean  temperature  of  15°  C,  and  could  then 
contain  but  25*64  grams  of  vapor.  Conversely,  the  capacity  for 
vapor  of  two  cubic  meters  of  dry  air  at  different  temperatures  is 
greater  than  that  of  a  similar  aggregate  volume  at  the  mean  of 
the«e  temperatures.  Hence,  since  the  rate  of  evaporation  is  depend- 
ent on  the  capacity  for  vapor  of  the  air  above  the  water,  it  follows 
that  the  mean  evaporation  u?ider  varyifig  temperaturea  evceeds  the 
naporation  at  the  meati  temperature ;  and,  moreover,  xchen  tern- 
peratures  vary  about  a  mean^  increased  variation  pi'oduces  in- 
crtased  evaporation,  A  high  degree  of  eccentricity  in  the  terres- 
trial orbit  increases  the  annual  range  in  temperature,  and  accord- 
ingly augments  the  total  evaporation,  and  hence,  also,  the  precip- 
itation ;  and  since  the  heat  absorbed  in  evaporation  is  taken  from 
the  earth's  surface,  while  that  given  out  in  condensation  is  lost  high 
in  the  atmosphere,  it  is  manifest  that  the  total  loss  of  heat  by  the 
earth  must  be  increased. 

These  considerations  support  Croll's  view  of  the  relation 
between  high  eccentricity  and  glacial  periods.  Though  this 
effect  of  evaporation  is  here  clearly  recofruized  for  the  first 
time,  it  is  among  the    agencies  whose  combined   influence  was 
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empirically  computed  by  the  writer  in  the  December  number  o 
this  Journal.  w.  j.  mcgek 

5.  Mepart  on  the  Geological  and  Natural  History  Survey  Oj 
Minnesota  for  1880;  N.  H.  Winchell,  State  Geologist.  392  pp 
8vo,  with  vi  plates.  St.  Peter,  1881. — This  new  volume  contains 
detailed  Reports  on  the  Forestry  of  Minnesota  by  O.  E.  Gabbison; 
on  the  geography  and  hydrology  of  the  Upper  Mississippi  by  C. 
M.  Terry  ;  and  on  the  Glacial  phenomena  of  the  State  and  the 
region  some  distance  north  and  west  by  Warren  Upham  ;  also 
a  descriptive  list  of  rocks,  descriptions  of  three  new  Lower  Silurian 
Brachiopods  (two  of  Orthis  and  one  of  Strophomena),  and  a  note 
on  the  Cupriferous  series  by  Prof.  Winchell;  a  list  of  the  birds 
of  Minnesota  by  Dr.  P.  L.  Hatch  ;  and  a  note  on  an  ancient  out- 
let of  Lake  Manitoba  by  H.  S.  Treherne. 

The  report  on  the  hydrology  treats  of  the  rivers  and  lakes 
and  other  features  with  much  detail.  It  states  among  its  facts, 
that  the  lakes,  of  which  there  are  several  thousand,  are  gradually 
diminishing  in  extent  and  depth,  or  drying  up,  and  attributes  the 
change  that  is  going  on  chiefly  to  cultivation.  The  rain  waters 
which  formerly  made  streamlets  over  the  grassy  prairie,  and  thus 
reached  the  lakes,  now  fall  on  ploughed  soil  and  are  absorbed 
The  records  at  Fort  Snelling  since  1836  show  as  yet  no  evidence 
of  change  in  amount  of  rain.  The  profuse  growth  of  water  plants 
also  tends  to  fill  them.  They  often  have  low  ridges  of  gravel  and 
stones  along  the  shore,  which  were  made  by  the  pushing  action  of 
ice  when  freezing,  and  also  by  transportation  shoreward  when  the 
lakes  are  flooded.    An  excellent  map  (PI.  V)  illustrates  this  report. 

Mr.  Upham's  account  of  Glacial  phenomena  is  devoted  largely 
to  the  courses  of  terminal  moraines  and  is  full  of  interest.  The 
facts  are  presented  also  on  a  map,  on  which  the  courses  of  the 
moraines,  and  the  supposed  direction  of  movement  of  the  glacier 
are  laid  down.  The  courses  of  Glacial  striae  in  different  parts  of 
the  State  are  given  in  a  table  as  well  as  on  the  map,  and  indicate 
wide  variations,  the  limits  being  S.  60°  E.  and  S.  60*  W.  The  map 
represents  the  outline  of  the  moraine  as  extending  from  the  Missis- 
sippi, between  the  meridians  of  93°  and  94°,  south  to  the  parallel  of 
41^°,  and  then  as  trending  northwestward  with  some  westing  to  the 
Coteau  des  Prairies  whose  course  it  follows.  West  of  this  range, 
according  to  information  derived  from  different  sources,  the  mo- 
raine bends  southward  in  latitude  45:^®  and  continuing  to  latitude 
43°  (or  nearly  to  the  Missouri)  between  the  meridians  of  97°  and 
98°  making  a  second  prolongation  or  lobe  which  has  the  Coteau 
du  Missouri  along  its  western  side.  The  drift  sheet  is  stated  to  be 
100  to  200  feet  thick  over  the  western  two-thirds  of  Minnesota 
— and  the  niatenal  is  for  the  most  part  an  unstratified  mixture  of 
earth,  stones  and  clay.     The  color  below  is  usually  dark  bluish. 

The  drift  contains  stones  of  Archiean  rocks  from  north  of  Lake 
Superior,  occasional  masses  of  native  copper  from  the  vicinity  o» 
the  same  lake,  and  limestone  bowlders  probably  from  Manitoba 
and  some  of  the  Archiean  in  the  till  south  and  west  of  Minuesot' 
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re  probably  transported  500  to  TOO  miles.     The  following  gen- 
1  statement  of  Mr.  Upham's  conclusion  is  from  an  early  page  of 
report: 

*The  terminal  moraines,  which  form  the  principal  subject  of  this 
K)rt,  show  that  the  southern  portion  of  the  continental  ice-sheet 
s  divided  into  great  lobes,  each  having  a  central  current  in  the 
fKJtion  of  its  longer  axis,  with  diverging  currents  bending  from 
s  and  becoming  perpendicular  to  its  border.  The  red  and 
le  till  were  the  deposits  of  two  such  ice-lobes  which  overspread 
nnesota  from  the  northeast  and  northwest.  During  the  most 
ere  epoch  of  the  ice  age,  before  that  in  which  the  terminal 
»raine8  of  Minnesota  were  accumulated,  an  ice-sheet  reached 
ich  farther  south,  to  a  limit  20  to  100  miles  southwest  and 
ith  of  the  Missouri  river  and  within  a  less  distance  north  of 
?  Ohio  river.  Portions  of  this  glacial  sheet,  moving  from  the 
rtheast,  north,  and  northwest,  enclosed  an  area  about  150  miles 
ig  from  north  to  south  and  100  miles  wide,  lying  principally  in 
Qthwestern  Wisconsin,  but  extending  into  Illinois,  Iowa  and 
Qtheastern  Minnesota,  which  was  not  covered  by  ice  and  has  no 
I  nor  strise.  This  drift  less  area  has  a  less  average  height  than  the 
joining  regions  which  were  glaciated.  Climatic  conditions  of 
eAter  snow-fall  and  lower  temperature  seem  to  have  produced 
e  ice-fields,  which  lay  at  each  side  of  this  tract  and  were  con- 
tent farther  south.  The  wedge-shaped  area  of  highland  that 
aches  southwest  from  Keweenaw  Foint,  at  the  south  side  of 
ike  Superior,  and  the  depressions  of  Lake  Michigan  and  Lake 
iperior,  have  also  been  regarded  as  the  causes  of  this  division 
the  continental  glacier. 

The  occurrence  of  this  driftless  tract  shows  that  the  ice-sheet 
hich  reached  farthest  south  was  divided  in  portions  that  moved 
dependently,  with  diverging  and  converging  currents ;  and  that 
1  respect  to  the  districts  over  which  they  extended,  these  glacial 
ovements  corresponded  to  the  lobes  that  formed  the  southern  part 
1  the  ice-sheet  at  the  later  time  when  the  looped  moraines  of  Wis- 
msin,  Minnesota,  Iowa  and  Dakota  were  pushed  out  at  its  margin." 
6.  On  joints  or  diaclases  intersecting  the  stratified  rocks  in  the 
cinity  of  Paris;  by  M.  Daubree,  (Bull.  Soc.  Gt'ol.  de  France, 
ine,  1880). — This  very  interesting  paper  contains  details  as  to 
e  two  directions  of  joints  or  fractures,  nearly  at  right  angles 
ith  one  another,  which  exist  at  the  various  quarries  in  Tertiary 
id  Cretaceous  strata  about  Paris.  M.  Daubree  points  out  the 
stem  in  their  courses,  and  the  exceptional  directions,  and  also 
eir  general  parallelism  to  the  reliefs  of  the  region  (the  most 
ominent  being  parallel  to  the  outcrops  of  the  Chalk  and  the 
lUey  of  the  Seine)  illustrating  the  same  by  a  map;  and  he 
marks  on  the  perfect  conformity  to  the  results  of  his  experi- 
ents  making  fractures,  by  pressure  and  torsion  described  in  his 
reat  work  on  Experimental  Geology.* 

•  See  also,  for  a  notice  of  these  experiments,  Dana's  Manual  of  Geology, 
litioD  of  1880,  pages  801,  832. 
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7.  Brick-clays  making  cream-colored  bricks  in  Minnesota, — 
ProfcHsor  N.  H.  Winchell,  in  Miscellaneous  Publications,  No.  8 
of  the  Geological  Survey  of  Minnesota,  states  that  the  clays  of 
many  localities  in  Minnesota  (among  them  Brainerd,  Minneapolis,  ^ 
Carver,  Chaska  and  Jordan),  afford  on  burning  cream-colored  i 
brick,  and  a  few,  brick  of  a  dirty  drab  or  ash-gray.  The  clav  i«  J 
described  as  an  alkalhie  clay,  and  like  the  related  clay  of  Mil-  J 
waukee,  partially  fuses  therefore  in  the  baking,  so  that  the  iron 
present  (which  may  be  as  much  as  in  other  clays)  enters  into 
combination  with  the  silica  and  alumina  instead  of  remaining  as 
oxide,  a  point  first  explained  by  Mr.  E.  T.  Sweet.  These  alkaline 
clays  are  those  of  the  earlier  drift,  and  are  supposed  by  Professor 
Winchell  to  have  been  derived  from  the  clay-beds  of  tne  Cretace- 
ous. The  clay-beds  in  the  State  connected  with  the  later  alluvium 
make  red  brick. 

8.  Geology  of  Fhrenchman^s  Bay^  Maine,  juM  east  of  Mount 
Desert  Island, — This  locality  is  the  subject  of  a  paper  by  W.  0. 
Crosby  in  the  Proceedings  of  the  Boston  Society  of  Natural  His- 
tory,  1880,  p.    109.      The  schistose  rocks   of  the   region   about 
Fi^ench man's  Bay  are  an  obscurely  crystalline  mica  schist,  quarts- 
ite,  siliceous  argillite,  sometimes  hornblendic ;  and  the  group  is 
metalliferous,  it  containing   the  silver-bearing  vein   at   Sullivan 
Falls.     These  rocks   are  stated   to  occur  on   the  north   side  of 
Frenchman's  Bay  and  to  be  part  of  an  extensive  formation  bor- 
dering the  coast  at  intervals  from  the  Penobscot  to  New  Bruns- 
wick.    On   the  islands  of  the  bay  are  other  rocks,  referred  to  a    "^ 
later  age,  which  are  entirely  uncrystalline,  the  chief  kind  being  a  i 
slate  of  black,  drab  and   purplish  shades  of  color,  passing  into  fl 
siliceous  slate  and  sandstone  and  a  micaceous  slate.     They  con-  | 
tain  no  fossils  in  Frenchman's  Bay,  but  the  same  slate  on  the  ai 
southwest  side  of  Hawthorne  Island,  afforded  Mr.  Crosbv  mark- 
ings  resembling  the  Palceochorda  minima  of  Emmons ;  and  a 
similar  slate  has  afforded  at  Narraguagus,  according  to  Professor 
E.  S.  Hitchcock,  an  Orthis  and  Crinoidal  joints,  and  at  Foster's    ■ 
Island  off  Machiasport,  undetermined  BhynchoneWM,     Mr.  Crosby 
agrees  with  Professor  Hitchcock  in  referring  the  slate  rocks  of 
Frenchman'^  I^ay,  probably  to  the  Cambrian  or  Primordial.     The 
rocks  of  the  region  are  intersected  by  dikes  of  diorite  or  allied 
rocks  and  granite. 

9.  Coking  coal  and  anthracite  of  Colorado, — Professor  J.  S. 
Newberry,  in  the  Transactions  of  the  New  York  Academy  of 
Sciences,  for  1881-1882,  p.  8,  observes  that  a  coking  coal  occurs 
within  twenty-five  miles  of  Crested  Butte  of  special  excellence,  it 
being  finn,  not  affected  by  the  weather,  and  containing  but  little 
ash  and  sulphur.  The  region  borders  on  a  volcanic  area,  and  the 
coal  is  from  the  part  of  the  basin  which  has  mostly  escaped  altera- 
tion by  volcanic  heat.  He  remarks  also  that  the  anthracite,  of 
Anthracite  Creek,  according  to  a  recent  analysis  made  at  the 
School  of  Mines,  New  York,  contains  less  than  one  per  cent  of 
sulphur,  and  only  three  of  ash  and  is  not  inferior  to  Pennsylvania 
anthracite. 
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10.  Copper -bearing  region  ifi  Northern  Texas  and  the  Indian 
lenritary, — The  geology  of  this  region  is  briefly  described  by  J. 
tt  FuRMAy,  in  the  Trans.  N.  Y.  Acad.  Sci.  for  1881-1882  (p.  16). 
He  copper  ore  occurs  in  shale  overlaid  by  gypsiferous  sandstone, 
tke  western  part  of  Haskell  County,  Texas,  and  is  found  as 
iQggetH  of  copper  ore,  stains  of  malachite,  and  wood  fossilized 
jBore  or  less  completely  with  copper  ore.  The  strata  are  about 
borizoDtal.  The  ore  was  found  along  a  band  usually  less  than 
Hty  yards  wide,  stretching  eight  to  ten  miles,  to  the  southern 
Kmudary  of  the  county;  also  five  miles  farther  north,  and  in 
inox  and  Hardeman  Counties,  and  beyond  in  the  Indian  Terri- 
ory.  Professor  Newberry  added,  in  the  discussion  which  fol- 
owed  the  reading  of  Mr.  Furman's  paper,  remarks  on  the 
imilarity  of  the  ores  and  their  mode  of  occurrence  to  the  same 
n  the  upper  portion  of  the  Triassic  in  Xew  Mexico,  and  southern 
Utah,  and  observes  that  in  the  localities  hitherto  explored,  the  ore 
s  too  much  scattered  to  be  profitably  mined.  The  wood,  impreg- 
iitted  with  the  ore  and  also  that  which  occurred  silicified,  he  said 
m^  undoubtedly  Coniferous  of  the  Araucarian  family,  as  he  had 
Eoond  from  a  microscopic  examination. 

1 1.  The  Amygdaloid  of  Brighton^  Massachusetts^  has  been  exam- 
ined microscopically  by  Dr.  E.  R.  Benton,  and  pronounced  to  be  a 
tme  eruptive  rock.  A  paper  on  the  subject,  accompanied  by  a 
aiip,  is  contained  in  the  Proceedings  of  the  Boston  Society  of 
Ifitoral  History,  vol.  xx,  416,  1880. 

12.  Primordial  TVilobites  //*  Sardinia, — Prof.  Meneghini  has 
aoDoanced  the  discovery  of  new  species  of  trilobites  in  slaty  and 
trenaceous  beds  at  Gutturu  Sergiu  in  Xebida,  Sardinia,  which  he 
^sunes  Paradoxides  Gennari  (near  jP.  Boheniicits  in  size),  P. 
^imniailuSy  P.  Somemanni^  and  Conocephalites  Boriiemanni, — 
\AtHAecad,  d,  Zineei,  1881,  p.  306. 

i-    13.  Journal  of  the  Cincinnati  Society  of  Natural  History^ 
fVoL  IV,  No.  1. — Contains  descriptions  of  new  Crinoids  and  other 
nls  of  the  Hudson  River  group,  and   notice  of  StrotocHnus 
mifeldensis  by  S.  A.  Miller  (with   a  plate) ;  descriptions  of 
fossils  of  the  Lower  Silurian  and  Subcarboniferous  rocks  of 
)hio  and  Kentucky  by  A.  G.  Wetherby  (with  a  plate)  ;  on  new 
jies  of  Entomostraca  by  V.  T.  Chambers. 

14.  FossiU  of  tlie    Cincinnati  Rocks. — The  "  Paleontologist" 
Cincinnati,  edited  by  U.  P.  James,  contains  a  notice  of  Scoli- 

linearis  from  the  Cincinnati  group,  in  the  eastern  part  of 
icionati;  of  three  species  of  Jfoiiticulipora  supposed  to  be  new ; 
Dekaya  maculata  James ;  of  eight  species  of  Ptilodictya;  and 
an  Orthis  and  two  species  of  Streptorhynchus. 

15.  Volcanoes:  what  they  are  and  tolmt  they  teach  ;  by  John 
IJuDD,  F.R.S.  (Kegan  Paul  and  Co.;  London,  1881.) — This 
roik  forms  volume  xxxv  of  the  International  Scientific  Scries.     In 

earlier  studies  the  author  enjoyed  the  counsel  and  assistance  of 
r.Poulet  Scrope,  who  up  to  his  death  was  an  eminent  authority 
Tolcanoes,  and  the  present  book  may  in  some  sense  be  regarded 
continuing  the  work  of  that  pioneer  in  Vulcanology. 
Am.  JouB.  8oi.— Thibi>  Ssbisb,  Vol.  XXUI,  No.  133.— January,  \«8a. 
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In  Chapter  I  the  nature  of  the  inquiry  in  hand  is  stated  an 
reference  made  to  the  older  investigators,  Spallanzani,  Dolomii 
and  Scrope.  Chapter  II  deals  with  the  nature  of  volcanic  actioi 
illustrated  by  the  ordinary  phenomena  of  Stromboli  and  by  tl 
eruption  of  Vesuvius  in  1872,  and  in  each  case  the  action  is  attril 
uted  to  the  elastic  force  of  confined  steam.  Cha|)ter  III  describ( 
the  characteristics,  chemical,  mineral ogical,  and  microscopical,  { 
the  lavas,  while  Chapter  IV  discusses  the  other  ejected  material 
scoria,  pumice,  etc.,  as  also  the  change  of  form  in  volcanoes  resuli 
ing  from  ejections  of  lava  and  scoria,  illustrating  by  Monte  Neuv( 
and  by  the  history  of  changes  in  the  cone  of  Vesuvius  itself. 

In  Chapter  V^  the  internal  structure  is  described,  as  shown  in  tht 
Kammerbtthl  in  Bohemia,  in  Vulcanello  and  in  the  volcanic  wreck 
of  the  islands  of  Mull  and  Skye.  In  this  connection  the  method 
of  formation  of  a  cone  from  scoria  is  experimentally  illustrated  bj 
the  mode  of  deposition  of  saw-dust  blown  vertically  from  an  orifioi 
in  a  horizontal  plane ;  and  the  formation  from  viscid  lava,  by  sofl 
plaster  forced  through  a  similar  opening,  as  devised  by  Dr.  ]^ 
Reyer.  In  Chapter  V I  the  author  discusses  the  structures  buil| 
up  about  the  vents,  the  cones  of  scoria,  tufa  or  lava  and  their  varj 
ing  forms,  the  parasitic  cones  formed  by  lateral  openings  aloni 
fissures  in  the  sides  of  the  main  cone,  the  change  of  position  j 
the  vent  along  such  fissures,  the  crater-rings  and  lakes,  mud-vdj 
canoes,  etc. 

Chapter  VII  gives  the  life  history  of  the  volcano,  detailing  th 
probable  order  of  the  phenomena,  from  the  first  issue  of  the  steal 
and  gases  from  the  rent  in  the  earth's  crust,  through  the  emptioi 
of  andesitic  and  trachytic  lavas,  to  the  basaltic  or  basic  lavai 
the  building  of  the  cone,  the  intrusion  of  lavas  between  tbi 
adjacent  strata  forming  laccolites,  and  across  the  strata  forminj 
dikes,  the  appearance  at  first  of  the  acid  gases  at  high  tempen 
tures,  and  later  when  the  temperature  has  fallen,  of  sulphnrettei 
liydrogeu  and  carbonic  acid,  and  finally  of  hot  water  in  geysers  o! 
springs,  until  all  manifestation  of  igneous  agency  disappears  ad 
the  cycle  is  complete. 

Chapter  VIII  speaks  of  the  distribution  of  volcanoes;  that  of  the 
300  or  360  active  volcanoes,  the  majority  on  islands,  arranged 
in  lines  thousands  of  miles  long,  and  all  near  the  sea  except  tw< 
or  three  in  Central  Asia.  And  it  may  be  stated  here,  that  advieei 
more  recent  than  the  work  of  which  we  are  writing  would  indicate 
that  these  apparent  exceptions  in  Asia  are  not  really  volcanic  bid 
are  due  to  beds  of  coal  and  petroleum  which  have  become  igni 
in  former  years.  (See  Dr.  A.  Kegel  in  Petermann^s  Mitth,^  v 
xxvii,  10,  1881,  p.  384,  also  General  Kolpakofsky,  Nature^  Oct.  2 
1881.) 

Chapter  IX  infers  that  the  volcanic  action  of  earlier  geologi 
ages  was  both  in  its  nature  and  in  its  products  similar  to  that 
our  own  day.     Chapter  X  illustrates  the  part  played  by  volcaa 
in  the  economy  of  nature,  by  the  growth  of  the  Alpine  chain. 
Chapter  XI  discusses  the  probable  condition  of  the  earth's  int#f 
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and  Chapter  XTI  the  causes  of  volcanic  action,  stating  at 
th  the  several  theories  advanced  by  different  authorities  on 
e  points,  but  without  being  able  to  reach  any  perfectly  satis- 
Dry  conclusion.  The  author  favors  a  solid  rather  than  a  molten 
eus  within  the  earth,  and  would  attribute  the  volcanic  action 
eneral  to  high  temperature  joined  with  abundance  of  vapors 
gases  beneath  the  volcanic  vent ;  but  no  new  theory  is  offered 
ccoant  for  the  occurrence  of  these  conditions  within  the  crust 
le  earth, 
be  book  is  illustrated  with  numerous  diagrams  and  wood  cuts 

will  well  repay  the  general  reader,  as  well  as  those  who  are 
?  especially  interested  in  Vnlcanology.  It  is  a  fair  presentation, 
ir  as  its  limits  allow,  of  the  present  state  of  knowledge  and  opin- 
in  that  department  of  science.  c.  G.  R. 

nceton.  Nov.  26,  1881. 

;.  Mifieralogical  Notes  ;  by  Edo  Claassen. — (1.)  Analysis  of 
oelase  from  Ishpeming,  Marquette  County,  Michigan.  (Com- 
icated.) — Tlie  orthoclase  occurs  in  crystals  on  hematite,  the  so- 
id  No.  10  ore  of  the  Cleveland  Iron  Mining  Company.  The  crys- 
are  small  and  sometimes  single,  but  mostly  in  twins.  They 
often  united  in  bundles.  The  single  crystals  form  four-sided 
ms  with  oblique  terminations.  The  measurement  of  the 
les,  which  could  not  be  done  very  exactly  on  account  of  the 
ed  planes,  by  the  common  goniometer,  showed  that  these 
les  were  Zand  2-?=(  ooP,  2Poo).  Hardness  of  the  crystals 
it  6  ;  color,  white,  reddish  and  red.  They  dissolved  in  no 
1  except  hydrofluoric  acid,  but  were  easily  decomposed  by 
jn  with  the  carbonates  of  sodium  and  potassium.  Although 
greatest '  care  was  taken  to  get  the  crystals  for  the  analysis 
i  pure  state,  a  magnifying  lens  still  shows  a  few  very  small 
tides  of  the  ore  remaining  with  them,  so  that  in  the  analysis 
>w  the  amount  of  Fe^O,  should  be  somewhat  diminished.  It 
rident  that  an  analysis  of  the  perfectly  white  crystals  would 
afford  any  iron,     l^he  reddish  and  red  crystals  contain — 

iO,      A1,0,     PeaO,      CaO      MgO       K^O      Na,0     P2O5      HaO 

712     17-546     1-644     0714     0-172     13807     0-233     0612     0-606=99046 

»  P,0^  in  another  sample  amounted  to  0*685  per  cent. 
2.)  On  regular  polyhedral  cavities  in  hematite.  Some  time 
>  I  observed  several  specimens  of  micaceous  hematite,  from  the 
ce  Superior  iron  region,  containing  cavities  from  one-eighth 
hree-quarters  of  an  inch  in  diameter.  An  exact  examination 
wed  them  to  be  bounded  by  five-sided  planes  similar  to  those 
the  pentagonal  dodecahedron  of  pyrite.  By  the  measurement 
their  angles  it  was  put  beyond  doubt  that  these  cavities  once 
itained  crystals  of  pyrite.  Access  of  air  and  water  had  evi- 
atly  effected  their  disappearance.  Not  the  smallest  particle  of 
is  mineral,  however,  could  be  met  with  either  in  these  cavities 
in  j|ny  other  part  of  the  ore. 
develand,  Ohio,  November,  1881. 
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17.  Anali/sis  of  the  Emerald-green    Sjyodumene   from  Nc 
Carolina;    by  F.  A.  Gentei. — The  following  analysis  of 
Alexander  County  spoduniene  (hiddenite)  was  furnished  by 
Genth,  and  should  have  been  added  to  the  article  on  the  cryj 
line  form  of  the  species  on  page  179  of  the  last  volume,  but 
not  received  in  time.     The  presence  of  a  small  quantity  of  el 
mium  shown  by  this  analysis  is  interesting  as  bearing  upon 
question  as  to  the  cause  of  the  color  to  which  this  variety  of  s] 
umene  owes  its  beauty  : 

SiOa        AUOa        CraOa        FeO        Li,0        NaaO        K,0 
63-95         26T)8  018  111  682  154  O'O'ZrzlOO^S 

Specific  gravity  =  3*177. 

18.  Neio  Mineralogical  Works — Lehrhuch^der  Mineralogk 
Dr.  GusTAvTscHKRMAK.  Erstc  Licfcrung.  192  pp.  8vo.  Vieni 
1881  (Alfred  Holder).— The  new  work  of  Professor  Tschei 
promises  to  be  a  most  important  addition  to  the  small  number 
mineralogical  text-books  of  the  higher  grade  which  represent 
present  state  of  the  science  in  all  its  departments.  The  first 
now  published,  which  will  form  about  one-third  of  the  compl 
volume,  contains  the  Crystallography  and  the  larger  portion 
the  Physical  Mineralogy.  The  author  presents  the  subject  " 
the  advanced  point  to  which  the  science  has  reached  through 
rapid  progress  made  during  the  past  few  years.  The  book 
throughout  an  original  one,  to  a  limited  extent  necessarily  in 
topics  discussed,  but  fully  so  as  regards  the  way  in  which 
pnnciples  are  presented.  Tlie  style  is  clear  and  concise,  and 
author's  long  experience  as  a  teacher  has  given  him  an  nnut 
power  in  explaining  difficult  subjects  in  an  intelligible 
attractive  form. 

Materialien  zur  Mineralogie    liusslands   von   N.   von   . 
scharof.     Volume  viii,  pp.  33-320.     St.  Petersburg,  1881.— 1 
first  portion  of  volume  eight  of  the  valuable  work  by  Proft 
Kokscharof  on  Russian  Mineralogy  was  issued  about  three  ji 
since  (this  Journal,  xvii,  486,  1879).     The  continuation,  now 
ceived,  contains  more  or  less  extended  notices  of  the  follow 
species:    pcrofskite,  epidote,  ajschynite,  phosgenite,  boumonil 
greenockite,  quartz,  samarskite,  amphibole,  beryl,  magnetite, 
roxene,  vanadinite,  jarosite,  sulphur,  garnet.     Descriptions  of 
crystals  of  various  artificial  compounds  are  also  given.     The 
moirs  contained  in  the  volumes   of    this  series  will   always 
regarded  as  models  of  careful  and  accurate  crystallographic  woi 

Elemente    der    Mineralogie    von    Carl    Piriedrich    Nixunn 
elfte   vollst^ndige   neu    bearbeitete   und    erganzte   Auflage  vc 
Ferdinand  Zirkel,  735  pp.  8vo.     Leipzig,  1881  (Wm.  Engelmaiii 
— The  appearance  of  a  new  edition  of  the  long  known  and  alwaji 
valued  Mineralogy  of  Naumann  is  an  event  deserving  of  noti< 
This  edition,  the  eleventh,  has  been  prepared,  as  was  the  preo 
ing  (this  Journal,  xiv,  424,  1877),  by  Professor  Zirkel,  of  I^ipi 
The  new  matter  added  gives  the  more  important  results  of 
eralogical  investigations  during  the  past  four  years.     It  s] 
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for  the  position  wliich  this  work  holds,  that  it  is  possible  for 
publishers  to  reprint  the  entire  volume  after  so  comparatively 
}T%  an  interval. 

Mineral  JKdrakteristik :  En  handledning  vid  bestdmmandet 
'Mif*eralier  och  Berr/arter  of  Dr.  F.  J.  Wiik.  217  pp.  small 
Helsingfors,  1881. — This  little  volume  will  doubtless  receive 
welcome  it  deserves  among  the  special  class  of  students  and 
lers  for  whom  it  is  intended.  It  ranks  with  the  well  known 
rorks  on  Determinative  Mineralogy  :  for  example,  those  of  VVeis- 
ich  and  Websky  on  the  physical  side,  and  of  von  Kobell  and 
Bnish  on  the  chemical  side.  Professor  Wiik  devotes  the  first 
W\  of  the  volume  to  a  general  discussion  of  the  crystallograph- 
leal,  physical  and  chemical  character  of  minerals ;  the  remainder 
Kmtains  brief  descriptions  of  the  more  important  mineral  species 
mnged  in  three  independent  systems :  first,  according  to  the 
vystalline  form ;  second,  according  to  the  physical  characters, 
■ster,  color,  hardness  and  specific  gravity ;  third,  according  to 
ke chemical  characters  as  given  chiefly  by  the  blowpipe.  The  idea 
if  drawing  out  independently  each  of  these  three  methods  of 
jMermining  minerals,  and  of  giving  under  each  those  characters 
If  the  mineral  which  belong  there,  is  for  purposes  of  instruction 

ks  excellent  one. 

i 

I  III.  Botany  and  Zoology. 

1.  A  Manual  of  the  Coniferae^  containing  a  genial  Review  of 
Order ^  a  Synopsis  of  the  hardy  kinds  cultivated  in  Great 
tain^  their  place  and  use  in  Horticulture y  etc.,  etc.  James 
^eitch  <fc  Sons,  Royal  Exotic  Nursery,  King's  Road,  Chelsea. 
iS81.  pp.  343,  roy.  8vo. — We  have  had  the  pleasure  to  receive 
large  and  beautiful  volume,  the  most  popular  book  of  the 
ly  upon  Coniferous  trees,  as  it  is  the  most  recent.  It  is  well 
ipted  to  its  purpose,  which  is  not  to  serve  as  a  scientific  treatise, 
to  supply  the  demand  for  practical  information  which  is  con- 
intly  made  upon  an  establishment  like  that  of  the  Messrs.  Veitch, 
indeed,  is  made  by  the  legions  of  planters  of  Conifers  in 
?at  Britain  and  elsewhere.  It  is  copiously  illustrated  by  wood 
^ravings,  the  smaller  on^  in  the  letter-press,  the  larger  as  sepa- 
plates.  Among  the  most  notable  ot  the  latter,  that  of  a 
inch  and  cone  (nine  inches  long)  of  Abies  7iobilis,  grown  at 
Bcton,  takes  the  lead ;  a  view  of  the  famous  Araucaria-ay euue 
Bictou  faces  the  title-page;  the  unrivalled  Araucaria  at  Drop- 
i&ore  (now  sixty-one  feet  high  and  in  the  most  perfect  condition) 
b  represented  from  a  photograph  specially  taken  for  the  purpose ; 
Ind  liardlv  less  interestinor  are  such  as  the  Taxodium  on  the  bank 
tf  the  Thames  at  Syon  House — the  lower  part  only  represented, 
iBiTOunded  for  sixty  feet  on  all  sides  with  a  thick  growth  of '  knees,' 
Smalating  a  "  cypress  swamp  "  in  Carolina ;  also  Earl  Ducie's  fine 
Aides  bracteata  at  Tortworth,  a  fir  which,  wherever  it  can  l)e 
healthfully  grown  "  will  always  be  regarded  with  genuine  admi- 

StiOD.''  A.    G. 
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2,  Repertoriutn  Annuutn  LiteraturcB  Botanicm  J^eriodi^so}^  cu 
ravit  G.  C.  W.  Boiinknzieg,  Custos  Hibliothecaj  Societatis  Tey 
lerianae.  Tom.  vi.  Haarlem,  pp.  420,  8vo. — This  most  laboriooi 
and  painstaking  work  has  gone  on  to  the  sixth  vohime,  systematt 
cally  cataloguing  the  botanical  articles  in  current  periodicaia^, 
This  volume,  issued  in  the  year  1881,  deals  with  the  articles  wbi(4 
were  published  in  the  year  1877,  in  237  different  periodicals. 

A.   G* 

8.  Jahrbuch  des  Kdnigllchen  Botaniachen  Gartefis  und  det 
Botanisehen  Museums  zu  Berlin  ;  herausgegeben  von  Dr.  A.  W, 
KicHLER.  Band  I.  Berlin,  1881,  8vo,  351,  tab.  vi. — A  new  botani- 
cal periodical,  in  the  form  of  an  annual  volume,  intended  especially 
to  represent  the  work  done  by  the  accomplished  director  and  ott- 
ers at  the  Berlin  Botanic  Garden  and  Museum.  Naturally  it  will 
be  more  devoted  to  systematic  and  phaenogamous  botany  than  ii 
common  in  the  German  journals  of  the  present  day ;  and,  as  is 
fitting,  the  Linnsea  will  be  merged  in  it. 

The  form  is  royal  octavo,  paper  and  print  excellent,  and  tht 
type  Roman.  A  proper  commencement  is  the  opening  artich 
which  fills  almost  half  the  volume,  in  which,  after  a  brief  stale*| 
ment  by  Professor  Eichler  of  the  condition  and  operations  of  tW 
Berlin  Botanic  Garden  and  Museum,  including  the  Herbarium,^ 
during  the  three  yeai's  of  his  direction,  the  complete  history  of 
these  establishments  is  given  by  Dr.  Urban,  the  assistant  director 
of  the  garden.  Three  plates  exhibit  ground  plans  of  the  gardeD| 
in  1801,  in  1812,  and  1881,  and  a  photographic  front  view  of  th^ 
museum  building,  which  has  just  been  erected  at  a  cost  of  aboQ^ 
1^175,000.  The  annual  cost  of  maintaining  the  garden,  including 
the  museum,  is  about  $17,500.  The  present  Prussian  govemmeDt 
is  more  liberal  to  it  than  was  the  first  king  Frederic  William, 
who  upon  its  establishment  as  a  real  botanical  garden,  ordered 
that,  in  view  of  the  great  reijard  he  had  for  the  learning  and  racr 
its  of  the  Royal  Berlin  Society  of  Sciences,  that  learned  societjf 
should  maintain  the  garden  out  of  its  own  scanty  funds. 

Dr.  Eichler  has  articles  u])on  Inflorescence-bulblets ;  upon  Hete 
rogeneous  shoots ;  upon  the  nature  of  the  Vine-stem  as  to  its  mor 
phology ;  upon  Cephalotus-pitchers ;  Garcke,  a  synopsis  of  Papo 
nia  (in  which  P.  Lecontei  is  kept  distinct  from  P.  hnstata^  though 
it  seems  to  be  only  a  waif  of  that  South  American  species);  GL 
Ruhmer,  an  article  upon  wild  and  cultivated  Thuringian  hybrids!) 
Urban,  on  the  pol Ionization  of  Lohdiacerv^  with  a  monograph  oi 
Monopsis ;  F.  C.  Dietrich,  a  biography  of  the  collector  Sieber, 
with  an  enumeration  of  his  distributed  collections,  and  a  listoj 
names  to  the  numbers  (645)  of  his  Herbaiium  Florae  Novae  Hot 
landia? ;  Potonie  describes  the  Anatomy  of  the  Lenticels  of  Mara^ 
tiace(P,  the  stomatic  ap])aratus  of  Ferns,  etc. ;  Ascherson  has  at 
article  on  the  subfloral  axis  as  apparatus  for  dissemination,  asia 
Stipa^  Erodiu^ii^  Podopierus^  Brunnichiay  etc.;  and  in  a  notejie 
characterizes  a  new  African  Brunniofua^  the  same  probably  HI 
one  which  has  been  or  is  about  to  be  figured  in  the  Icones  Plant»» 
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11  at  Kew.  Finally,  Kiihn  gives  a  syuopsis  of  the  species  of 
iianturiiy  113  species.  a.  g. 

4.  Engler's  Botanische  Jahrhilcher  filr  Systematik,  Pflanzeiis- 
•achichte  und  Pflanzengeographie  is  well  kept  up.  In  November 
le  fourth  fasciculus  of  the  second  volume  was  published  (Leipzig, 
iD^elmann),  continuing  the  systematic  digest  of  botanical  publi- 
ations — whether  works  or  articles — in  the  year  1881,  and  also 
oDtaining  four  original  articles.  a.  g. 

5.  Hooker's  leones  Plantaru7n,  part  III  of  the  fourth  volume 
)f  the  third  series,  or  the  fourteenth  volume  of  the  entire  work, — 
Mued  in  October,  1881 — is  most  interesting  for  its  figures  of 
jrasses,  in  which  some  of  the  work  in  the  Genera  Plantarum  is 
mticipated.  There  is  a  plate  in  which  some  of  our  botanists  may 
recognize  the  Leptunis  paniculatus  of  Nuttall.  Mr.  Hentham  has 
iscertained  that  it  is  not  of  this  genus,  nor  much  related  to  it. 
And  he  has  also  found  a  published  name  for  it,  ScJujenonardva 
Texanus,  of  Steudel,  who,  however,  had  no  idea  that  he  had  to 
lo  with  NuttalTs  plant.  The  information  we  here  give  will  not 
)e  gathered  from  the  work  before  us ;  for  the  letter-press  for  this 
)late  1360  has  inadvertently  been  omitted.  Munroa  squarrosa^ 
Torr.,  and  DusafU/telhmi  Calif omieiuit  are  other  North  American 
jrasses,  the  latter  being  the  rare  Stenochloa  Calif  arnica  of  Nut- 
All,  which  proves  to  belong  to  a  South  American  genus  founded 
)y  Presl.  a.  g. 

6.  Occurrence  of  an  additional  specimen  of  Architeuthis  at 
Newfoundland;  by  A.  E.  Verrill.— This  specimen  (No.  27) 
jas  taken  at  Portugal  Cove,  near  St.  John's,  Newfoundland, 
Siovember  10,  1881.  This  example  was  nearly  perfect  and  was 
ihipped  to  New  York,  packed  in  ice,  on  the  steamer  "  Catima," 
Japt.  Davies.  In  an  article  in  the  New  York  Herald,  of 
S'ovember  26th,  the  following  measurements  of  the  fresh  speci- 
Den  were  given,  on  the  authority  of  Inspector  Murphy,  chief  of 
be  Board  of  Public  Works  Department:  Length  of  body,  5*5 
eet ;  length  of  the  head,  1  '25  feet ;  total  length,  to  end  of  tentac- 
ilar  arms,  28  feet;  circumference  of  body,  45  feet.  A  photo- 
praph  of  this  example  was  made  by  Mr.  E.  Lyons,  of  St.  John's, 
iiid  a  cut  copied  from  this  has  been  published  in  Harper's 
WTeekly,  for  December  10,  1881. 

This  specimen  was  purchased  by  Mr.  E.  M.  Worth  and  preserved 
D  alcohol  at  his  museum,  101  Bowery  street,  New  York,  where, 
brough  the  courtesy  of  Mr.  Worth,  I  have  recently  had  an  excel- 
ent  opportunity  for  a  satisfactory  examination.  Although  a  val- 
able  specimen,  it  is  not  in  all  respects  perfect,  for  the  tips  of  all 
he  sessile  arms  are  broken  off,  and  many  of  the  suckers  are  gone; 
Qe-half  of  the  caudal  tin  had  a})parently  been  lost  and  the  wound 
paled  some  time  befoue  the  creature's  death ;  the  eye-balls  had 
Jen  burst  in  handling,  and  the  pen  mostly  destroyed.  But 
)twithstanding  these  defects,  this  specimen  is  more  nearly  per- 
cl  than  any  that  has  been  previously  brought  to  this  country, 
d  has,  therefore,  afforded   me  important  information  in  respect 
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to  several  of  the  orf^«an8  that  liave  not  been  preBcrved  in  anj 
other  specimen.  Of  these  points  the  following  may  be  men 
tioned :  The  siphon  is  large,  with  the  aperture  slightly  bilabiate 
and  four  inches  broad ;  valve  large ;  dorsal  bridles  well-devel 
oped  ;  siphon -pit  broad,  not  very  deep,  smooth ;  eye-lids  lai]g€^ 
only  slightly  an^ulated  and  thickened,  with  a  shallow  siDUg; 
diameter  of  opening,  4*5  inches ;  transverse  nuchal  crest,  back  of 
eyes,  evident,  but  not  much  elevated ;  one  longitudinal  crest,  oo 
each  side,  short  and  not  much  raised,  the  others  apparently  rodi. 
raentary,  possibly  rubbed  off.  The  median  doi-sal  angle  of  th« 
mantle-edge  is  rather  prominent ;  lateral  angles  evident;  lateral 
connective  cartilages  of  the  mantle  very  simple,  consisting  only 
of  a  short,  simple,  longitudinal  ridge ;  connective  cartilages  on 
the  base  of  the  siphon  simple,  long-ovate,  somewhat  oblique, 
slightly  concave.  Anterior  tip  of  the  pen  very  thin,  broad,  ob- 
tuse. The  caudal  fin  was  too  much  mutilated  before  and  after 
death  to  afford  additional  information.  When  examined  by  me, 
after  it  had  been  in  alcohol  about  two  weeks,  the  body  measured 
4*16  feet  in  length,  along  the  side;  length  of  head,  1*26  feet; 
circumference  of  body,  4  feet ;  of  sessile  arms,  7*5  to  8*5  inches; 
length  of  ventral  arms,  minus  tips,  4*66  feet ;  of  tentacular  annu, 
15*5  feet. 

7.  Descriptions  of  some  new  and  rare  Cephalopoda.  Pari 
JL<^Trans,  Zool.  Soc,  London^  xi^part  5, />7x  131-170,;?/.  23-36, 
June,  1881.  By  Richard  Owen. — This  important  paper  is  of 
special  interest  on  account  of  the  figures  and  descriptions  that  it 
contains  of  two  gigantic  species. 

Under  the  new  name,  Enoploteuthis  Cookii^  Professor  Oweo 
has  described  in  detail,  and  has  given  excellent  figures  of  most 
of  the  existing  parts  of  this  large  and  remarkable  cephalopod, 
which  have  been  so  long  preserved  in  the  Museum  of  the  College 
of  Surgeons,  and  have  often  been  referred  to,  but  hitherto  have 
never  been  scientifically  described,  (see  Ce])h.  N.  E.  Am.,  p, 
241).t  It  is  to  be  regretted,  however,  that  Professor  Owen 
has  neither  described  nor  figured  the  dentition  of  the  radula,  in 
a  manner  to  enable  it  to  be  used  as  a  systematic  character.  Hie 
statement  in  regard  to  it  is  of  the  most  general  kind,  and  showf 
only  that  there  are  seven  rows  of  teeth.     It  is  also  a  matter  oj 

*  The  8ynonyiny  of  this  species  is  as  follows : 

Enopix)teuthis  Cookii  Owen. 

Trans.  2k)ol.  Soc.  London,  xi,  p.  150,  pi.  30,  flf^s.  1-3;  pi.  31,  figs.  1-4;  pi.  32 
figs.  1-6,  pi.  33,  fig.  1,  (restoration),  June,  1881. 

Seppia  unguiculata  Molina,  1810  (no  description). 

Enoploteuthis  Molince  D'Orbigny,  Ceph.  Acetab..  p.  339.  1845-1848. 

?  Enoploteuthis  Hartingii  Verrill,  this  vol.,  p.  241,  pi.  24,  figs.  4-4ft,  1880. 

f  In  referring  in  this  notice  to  my  own  work  upon  Cephalopods,  I  have  made 
all  the  references  to  my  paper  in  Trans.  Conn.  Aciid.,  v,  on  "The  C^ephalopoda ol 
the  Nortlioastem  Coast  of  America."  Of  this,  Part  I  (80  pp.,  14  pi.),  relat- 
ing to  the  largo  species,  was  published  December.  1879  to  March,  1880.  A  stiU 
more  detailed  report  by  me  on  the  snme  subject  is  contained  in  the  report  ol 
the  U.  S.  Fish  ('ommission  for  1879,  not  yet  issued.  Many  of  the  statemeutg 
and  descriptions  quoted  are  also  contained  in  .several  of  my  former  articles  in  tliii 
JonrDal. 
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rprise  that  he  has  not  compared  any  of  the  portions  that  he 
scribes  with  the  corresponding  parts  of  the  equally  large  and 
rr  closely  allied  Enoploteuthis^  carefully  described  and  figured 
'  tiarting  in  1861  (see  Ceph.  N.  E.  Am.,  p.  240),  and  to  which  I 
kve,  in  18B0,  the  well-merited  name,  Hartingii,  It  is  not  improb- 
»le  that  the  two  forms  are  really  identical,  but  this  cannot  be 
rtainly  determined  from  the  figures,  because  the  corresponding 
krts  are  not  always  represented  in  the  same  position,  and  it  is 
icertain  whether  the  corresponding  arm  is  preserved  in  the  two 
ses.  Ilarting  figures,  rather  poorly,  the  teeth  of  the  radula, 
hich  appear  to  be  very  peculiar,  if  his  figure  is  correct,  (see  my 
.  ixiv,  fig.  46).  The  shape  of  the  mandibles  appears  to  be 
fferent  in  the  two  species,  however,  and  the  large  hooks  differ 

form. 

Professor  Owen  has  also  given  a  somewhat  detailed  description, 
ith  figures,  of  the  large  cephalopod-arm,  long  preserved  in  the 
ritish  Museum.  But  this  had  previously  been  pretty  fully 
escribed  by  Mr.  Saville  Kent,  in  1874,  whose  description  has  been 
anted  by  me  (see  Ceph.  N.  E.  Am.,  pp.  24] -242).  Professor 
wen,  like  Mr.  Kent,  fails  to  state  to  which  pair  of  arms  the  speci- 
en  belongs.  This  is  a  very  important  omission,  for  in  Architeu- 
iM,  as  in  most  other  genera,  the  arms  belonging  to  different  pairs 
iffer  in  form  and  structure.  The  describers  of  this  arm  would 
oabtless  have  been  able  to  ascertain  to  which  pair  it  belonged 
y  a  direct  comparison  with  the  arms  of  Ommastrephes^  or  any 
ther  related  genus. 

For  this  arm,  Professor  Owen  endeavors  to  establish  a  new 
enus  and  species  {Plectoteuthis  grandis).  The  genus  is  based 
lainly  on  the  fact  that  there  is  a  marginal  crest  along  each  outer 
ngle,  and  a  narrow,  protective  membrane  along  each  side  of  the 
Dcker-bearing  face.  These  peculiarities  are  precisely  those  seen 
1  the  ventral  arms  of  ArchiteuthtSy  and  have  already  been  de- 
cribed  by  me  in  former  articles  (see  Ceph.  N.  E.  Amer.,  p.  214),  as 
rand  in  A.  princeps.  Similar  membranes  or  crests  are  found  on 
he  </or«a/ arms  of  Sthe7iotenthis pteropus  and  other  related  species, 
[he  protective  or  marginal  membranes  outside  of  the  suckers  are 
ound  in  many  allied  genera. 

The  suckers  on  the  arm,  as  described  and  figured  by  Professor 
)wen,  are  exactly  like  those  of  Architeuthis.  Therefore,  there  is 
10  trround  whatever  for  referring  this  arm  to  any  other  geyius^  and 
^fctoteuthis  must  become  a  synonym  of  Architeuthis, 

Whether  the  arm  in  question  belongs  to  a  species  distinct  from 
hose  already  named,  I  am  unable  to  say.  There  is,  apparently, 
othing  to  base  specific  characters  upon,  except  the  form  of  the 
ickers  and  of  their  horny  rings.  But  the  description  of  the  horny 
ngs  is  not  sufliciently  precise,  nor  the  figures  sufliciently  detailed, 
•  afford  such  characters.  If  the  arm  is  one  of  the  ventral  pair, 
seems  probable,  the  suckers  as  figured  by  Professor  Owen,  and 
pecially  as  more  fully  described  by  Mr.  Kent,  agree  closely,  but 
t  perfectly,  with  those  of  the  Newfoundland  specimens ;  in  the 
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latter  the  Hucker-rings  of  the  ventral  arms  are  at  most  on 
slightly  denticulated  on  the  inner  side,  and  most  of  them  a 
entire  on  that  side.  But  they  also  agree  well  with  those  of  i\ 
Architeuthis  Hartingiiy  as  figured  by  Harting.  Those  of  tl 
original  A.  dux  Steenst.,  have  neither  been  described  nor  figare< 
As  this  arm  cannot,  at  present,  be  referred  with  certainty  to  an 
of  the  named  species,  it  may  be  best  to  record  it  as  ArchUeuihx 
grandiSy  until  better  known. 

In  the  same  article,  Professor  Owen  has  given  a  good  figun 
(pi.  33,  fig.  2),  of  the  tentacular  arm  of  the  Newfoundland  spec! 
men  (my  No.  2),  copied  from  the  same  photograph  described  bj 
me  (seeCeph.  N.  E.  Am.,  pp.  181,  182,  208,  209).  To  this  b( 
applies  the  name,  ArchiteiUhis  prhicepSy*  without  giving  anj 
reason  for  not  adopting  my  conclusion  that  it  belongs  to  A. 
Harveyi,  But  he  does  not,  in  any  way,  refer  to  the  latter  speciea 
although  he  mentions  the  specimen  (my  No.  6),  or  rather  the  pbo* 
tograph  of  the  specimen,  on  which  that  species  was  based.  H( 
apparently  (on  p.  162),  supposes  that  both  photographs  and  Mr. 
Harvey's  two  series  of  measurements  refer  to  the  same  specimen, 
which  is  by  no  means  the  case,  as  had  been  suflSciently  explained 
by  me,  in  several  former  papers. f 

The  bnef  account,  given  by  Professor  Owen,  of  the  large 
Cephalopods  described  by  others  includes  none  additional  tc 
those  noticed  in  my  report.  On  the  other  hand  he  omits  tho« 
described  by  Harting ;  those  described  by  Mr.  Kirk,  from  New 
Zealand  ;  and  several  others. 

Professor  Owen  has  given  a  description  and  colored  figure  of  8 
cephalopod  without  locality,  under  the  name  of  Ommastrephet 
erisifer^  for  which  he  proposes  the  subgeneric  name  Xiphoteuthi^ 
The  latter  name  is,  however,  preoccupied  by  Huxley.  His  speciec 
is  a  typical  example  of  ray  genus  Sthenotetithis  (1880)  and  appears 
to  be  identical  in  every  respect  with  8,  pteropus  (see  Ceph.  N.  E. 
Amer.,  pp.  228-233,  pi.  55,  figs.  2,  2a  and  pi.  36,  figs.  5-9),  fron 
Bermuda.  But  Professor  Owen  fails  to  mention  one  of  the  most 
characteristic  features  of  this  group  of  squids,  viz.,  the  connective 
tubercles  and  smooth  suckers  on  the  proximal  part  of  the  tentacu 
lar  club,  nor  is  his  figure  sufticiently  detailed  to  indicate  this  cbar 

*  By  a  singular  mistake,  Professor  Owen,  on  p.  1 63,  states  that  this  species  waf 
named  A.  princeps  by  Dr.  Packard,  in  February,  1873.  But  according  to  hisowi 
statement  on  p.  161,  the  specimen  was  not  actually  obtained  till  December,  1873, 
at  least  nine  months  after  Dr.  Packard^ s  article  was  printed.  In  truth,  the  naffl* 
princeps  was  first  given  by  me  in  1875.  to  designate  a  pair  of  very  large  Java 
Neither  this  nor  any  other  name  appears  on  the  cited  page  of  Dr.  Packard's  arti- 
cle,  though  he  elsewhere  referred  the  same  jaws  doubtfully  to  A.  monachus. 

\  It  seems  incredible  tliat  Professor  Owen  could  liave  made  these  mistakes,  hac 
he  actually  examined  either  of  ray  former  papers,  in  which  these  specimens  (witl 
several  others),  have  been  described  in  detail  with  many  figures,  not  only  fwB 
the  photographs,  but  from  the  preserved  specimens  also.  He  does,  howev^f 
refer  to  my  paper  in  the  Trans.  Conn.  Acad.,  vol.  v.  But  as  he  states  (p.  1^^ 
that  in  it  ''  a  brief  notice  is  given  of  Mr.  Harvey's  squid,"  it  is  fair  to  suppose  tba 
the  reference  is  taken  at  second-hand,  for  it  is  not  to  hi>  supposed  that  he  woul* 
have  considered  sixteen  pages  of  text,  accompanied  by  five  plates,  a  '"^K 
notice.^'^ 
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ter,  nor  even  the  actual  arrangement  and  structure  of  the  other 
ckers  of  the  club.  The  high  median  crests  and  broad  marginal 
ebs  of  the  3d  pair  of  arras  are  well  shown,  but  these  are  about 
[Daily  broad  in  /S.  pteropus  and  S.  megaptera^  and  are  also  pres- 
it  in  all  the  related  species  of  this  group. 

Owen's  specimen  had  a  total  length  of  3  feet ;  length  of  body, 
)  inches ;  of  head  to  base  of  dorsal  arms,  3*7 ;  of  3d  pair  of  arms, 
l\  of  tentacular  arms,  21 ;  breadth  of  caudal  tin,  12*6 ;  length  of 
leir  attached  bases,  6*6;  breadth  of  body,  5;  length  of  Ist,  2d, 
i,  4th  pairs  of  arms,  8*9,  11,  12,  and  9*6  inches  respectively, 
he  specimen  is  a  female.  It  agrees  very  closely  in  size  with  the 
lermnda  specimen  described  by  me,  and  its  proportions  do  not 
iffer  more  than  is  usual  with  alcoholic  specimens  of  any  species 
reserved  under  different  circumstances,  and  in  alcohol  of  different 
trength.  The  original  specimen  of  *!>'.  megaptera  V.,  is  considera- 
ily  larger. 

A  handsome  squid  from  the  China  Sea,  is  described  as  LoligopsU 
ictUaki^  sp.  nov.  (p.  139,  pi.  26,  figs.  3-8,  pi.  27).  This  is  evi- 
lently  not  a  true  Loligopsis,  but  belongs,  in  all  probability,  to 
ay  genus  CaMiteuthis  (1880).  It  agrees  very  closely,  even  to 
he  coloration,  and  the  form  of  the  fins  and  pen,  with  my  (J. 
tverstty  but  differs  in  bavins?  serrate  suckers.  This  species  should, 
herefore,  be  called  CaUiteuthis  oceUata.  The  genus  probably 
)elong8  to  the  Chiroteuthidae.  It  is  much  larger  than  my  speci- 
nen,  but,  like  the  latter,  it  had  lost  the  tentacular  arms. 

The  remaining  species  described  are  as  follows :  Tritaxeopus 
:omutuSy  gen.  et  sp.  nov.,  a  large  Australian  octopod,  with  three 
rows  of  suckers;  Sepia  palmata^  nov.,  Australia;  Sepioteuthis 
SwcUy  nov.,  Japan ;  Sepiola  Oweniana  D'Orb.,  anatomy ;  Ony- 
thoUuthis  raptor y  nov.  a.  e.  vekriix. 

8.  The  Zoology  of  H,  M,  S.  Challenger,  Part  IX,  Report  on 
ihe  Echtjwidea  ;  by  Alexander  Agassiz.  4to.  321  pp.,  65 
plates.  1881. — In  this  elaborate  and  very  valuable  report  the 
author  not  only  describes  in  detail  and  handsomely  and  profusely 
illastrates  the  numerous  new  forms  collected  by  the  Challenger, 
but  also  gives  a  very  valuable  review  of  the  known  facts  in  respect 
to  the  geographical  and  bathymetrical  distnbution  of  all  the 
known  living  echini,  and  their  relations  to  those  of  the  Jurassic, 
Cretaceous*  and  Tertiary  ages.  The  first  nineteen  pages  ar« 
devoted  to  classification  and  to  special  features  in  the  structure  of 
echini, — especially  the  plates,  spines,  and  pedicellariae.  Several 
plates  are  also  devoted  to  these  structural  features.  Among  the 
arge  number  of  new  and  strange  forms  dredged  in  the  deep  seas, 
be  two  families  most  conspicuous  on  account  of  their  unusual 
haracters  and  forms,  and  their  numbers,  both  in  specios  and  indi- 
iduals,  are  the  Echinothuridtv  and  the  PourtalesirP.  Of  the  fomier 
roup,  three  genera  and  twelve  spt  cies  are  here  described.  Some 
r  these  are  of  large  size,  and  all  have  flexible  shells,  with  more 

*The  chapter  on  the  relation  of  the  existing  an<l  the  Crotaceous  forms  has 
en  reprinted  in  this  number  (see  p.  40). 
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or  less  imbricated  j>lateB.  In  the  general  account  of  this  group 
its  possible  relationship  with  the  Palceozoic  echini  is  discussed,  in 
a  very  suggestive  way.  Of  the  curious  PourtalesicB,  seven  genen 
and  thirteen  species  (12  new)  are  described,  all  of  them  from 
deep  water,  and  nearly  all  from  the  southern  hemisphere. 

The  total  number  of  species  enumerated  from  this  collection  is 
139,  of  which  52  species  and  15  genera  were  new.  The  total 
number  of  existing  species  included  in  the  geographical  lists  is 
297,  belonging  to  107  genera.  This  is  an  increase  of  90  species 
and  25  genera  over  those  included  in  the  author's  Revision  of 
Echini  (1872-4).  Of  the  whole  number,  201  known  species  are  re- 
garded as  "  littoral,"  occurring  in  less  than  100  fathoms,  though 
some  of  these  (36  species)  range  to  much  greater  depths ;  46  are  re* 
garded  as  "  continental,"  ranging  mainly  from  100  to  450  fathoms 
in  depth,  though  10  of  these  also  go  down  to  much  greater  depths; 
of  true  "  abyssal  or  oceanic  "  species,  60  are  enumerated,  most  of 
them  ranging  below  350  fathoms,  often  to  1000  fathoms,  12 
descending  even  to  more  than  2000  fathoms ;  but  these  oceanic 
species  are  also  associated  with  10  littoral  and  14  continental 
species,  some  of  which  also  extend  to  great  depths.  The  greatest 
depth  from  which  Echini  were  dredged  by  the  Challenger  was 
2900  fathoms.  a.  k.  v. 

9.  On  the  Geographical  Distributiofi  of  certain  freshwater 
Mbllusks  of  North  America^  and  the  probable  causes  of  their  vari- 
ations ;  by  A.  G.  Wetherby,  A.M.  Journal  Cincinnati  Soc 
Nat.  Hist.,  Jan.  1881. — Professor  Wetherby  here  gives  the  facts, 
gathered  from  a  wide  range  of  observation,  respecting  the  distri- 
bution of  certain  groups  of  fresh-water  MoUusks  in  American 
waters — the  Unionidm  and  StrepomatidoB,  with  reference  to  con- 
clusions as  to  the  origin  of  the  species  to  be  presented  in  another 
paper.     The  principal  points  brought  out  are  as  follows : 

No  species  of  tne  Strepomatidw,  and  but  few  of  the  Union- 
idee  occur  in  New  England  ;  and  the  latter,  so  occurring,  are  spe- 
cies of  many  varietal  forms  found  elsewhere  on  the  Atlantic 
slope;  a  few'  of  them  only  having  a  wide  westward  and  south- 
ward range.  One  New  England  species,  Margaritana  margara- 
tifera  Lamk.,  also  European,  is  wanting  across  the  whole  interior 
of  the  continent,  but  exists  in  the  drainage  of  the  Pacific  slope. 

The  Strepomatidce  occur  west  of  the  Green  Mountains,  and  are 
divisible  into  two  geographical  groups,  a  western  and  a  southern. 

The  Unionida^,  of  the  Ohio  drainage  area,  include  about  a 
tenth  of  all  described  North  American  species,  being  82  in  num- 
ber, of  which  70  are  species  of  Unio^  17  of  Margaritana^  and  5 
of  Anodofita  ;  these  Ohio  types  extend  north  of  this  stream  to  the 
limits  of  the  Mississippi  drainage,  and  south  and  south  westward 
to  Western  Texas;  w4rile  the  Strepomatidm  are  few  over  this 
area. 

New  species  of  Unionidoi  and  new  genera  and  species  of 
^trepomatidm  ap]>ear  on  crossing  the  Ohio  and  going  south. 
The    new    forms    begin    to  appear   in   Kentucky    and    continue 
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rough  Tennessee  to  the  southern  and  eastern  limits  of  the  Ohio 
linage.  The  facies  of  the  groups  of  species  which  this  part  of 
e  Ohio  drainage  contains  stamps  them  as  of  a  different  fauna 
om  those  north. 

The  Alabama  drainage  area  is  anomalous,  it  affording  184  spe- 
es,  according  to  describers — but  half  of  which,  however,  are  any- 
ling  more  than  varieties.  Two  genera,  of  30  described  species, 
re  not  found  elsewhere  —  Schizostorna  and  •  Tkdostoma  ;  and 
lese  kinds,  with  the  peculiar  species  of  Goniobasis,  belong  to  a 
ifferent  fauna  from  many  of  the  UnionidaB  associated  with  them, 
'he  region  contains  the  Unio  spinosus,  in  the  Altamaha  River. 

The  only  other  spinous  Unio,  U.  coUinus,  occurs  in  New  River, 
rirginia,  on  the  western  slope  of  the  Appalachians,  far  to  the 
lorth. 

Some  of  the  species  never  present  any  varieties  that  could  be 
aken  for  distinct  species.  This  is  true,  among  the  Ohio  types,  of 
U.  UiberculatuSy  U,  cylindricus^  U.  irroratus^  U.  anodontoiaeSy  U. 
*ornuti(s,  IT.  rectus^  U,  triangularis,  Margitana  dehiscens,  and 
)ther9.  Many  other  species  are  exceedingly  variant  and  have 
led  to  the  naming  of  many  so-called  species  that  are  only  varie- 
ties. 

The  facts  in  the  second  part  of  this  important  paper  will  be 
published  in  the  following  number  of  this  Journal. 

IV.  Astronomy. 

1.  Elements  of  Comet  VII,  1881  (Swift),— Proie&sor  Boss  of 
ihe  Dudley  Observatory  has  computed  the  following  elements  of 
Comet  VII,  1881  (Swift),  from  observations  made  by  him  on 
November  20,  28  and  December  10. 

T  =  1881,  November  17*41  Washington  Time. 
<j=116'  30' 
Q  =  180    59 
i=144    58 
log  g  =  0-2841 

This  comet  is  remarkable  for  its  great  perihelion  distance.  The 
following  Ephemeris  may  be  of  service,  in  case  the  comet  does  not 
prove  too  faint  for  observation. 

Ephemeris  for  Washingtonj  midnight. 


1882. 

a 

(J 

log  A. 

Brightness. 

ran.    7 

23*'  37™  36» 

+  20*07' 

0-3050 

•31 

11 

38    43 

+  18    19 

0-3265 

•28 

15 

40     15 

+  16   44 

0-3469 

•25 

23  43    52  +14   07  03843  20 

31  48    00  +12    04  0-4171  '17 

brightness  November  20  taken  as  unity.  x. 

2.  The  Lbngitude  of  Morrisoti  Observatory,  Glasgow,  Mo. ;  by 
i^rofessor  J.  R.  Eastman,  U.  S.  N.,  and  Professor  H.  S.  Pritchktt, 
Astronomer  at  Morrison  Observatory,  now  of  Washington  Uni- 
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versity,  St.  Louis.  15  pp.  4to.  Washington,  1881.  (Washin 
ton  Observations  for  1877.  Appendix  V.) — By  means  of  a  sen 
of  electric  signals,  exchanged  between  the  Observatory  at  Was, 
ington  and  the  Morrison  Observ^atory,  at  Glasgow,  Mo.,  it  hj 
been  determined  that  the  transit  circle  of  the  latter  observatory ; 
|h  3111  58*926  west  of  the  central  dome  of  the  United  States  Nava 
Observatory. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Annual  Rej^ort  of  the  Chief  Signal  Officer  of  the  Army  k 
the  Secretary  of  War  for  the  year  1881.  86  pp.  8vo.  Washing 
ton,  1881. — The  Report  of  General  Hazen  is  very  satisfactory  ju 
showing  that  under  his  control  the  United  States  Signal  Service 
is  not  only  to  be  kept  up  to  the  high  standard  which  was  main 
tained  under  the  late  General  Myers,  but  is  to  be  made  more  effi 
cient  both  in  its  practical  bearings  and  still  more  from  a  scien- 
tific point  of  view.  The  report  details  the  numerous  respects  in 
which  progress  has  been  made,  and  in  which  it  is  promised  in  the 
future.  These  include  various  details  of  the  service,  such  as  the 
establishment  of  a  permanent  school  of  instruction  at  Fort  Myers 
Va. ;  the  raising  of  the  standard  of  the  persoyind  of  the  iSignal 
Corps ;  the  systematization  of  the  duties  of  the  Service ;  the  prep 
aration  of  new  instructions  for  observers,  and  many  improve 
ments  in  the  publication  of  information  for  the  benefit  of  the  pui> 
lie  in  the  various  ways  in  which  changes  in  the  weather  maj 
affect  their  interests  in  the  different  parts  of  the  country,  as  ir 
"  river  warnings,"  "  frost  warnings"  for  the  cotton  States,  specia 
bulletins  in  regard  to  tornadoes,  "  cold  and  hot  waves,"  and  so  on 

From  a  scientific  point  of  view,  the  most  important  advancei 
which  are  being  made  in  the  Signal  Service,  and  those  whici 
promise  most  for  the  future,  are  in  connection  with  what  is  calle( 
the  "  Scientific  and  Study  Division,"  and  which  has  for  its  objec 
the  research  and  investigation  into  the  laws  of  meteorology 
This  division  has  been  placed  in  charge  of  Professor  Abbe,  an( 
under  him  three  gentlemen  have  been  appointed  upon  examinatioi 
— viz  :  Messrs.  Winslow  Upton,  H.  A.  Hazen  and  Frank  Waldo- 
who  are  to  act  as  expert  mathematicians  and  "  computers." 

In  connection  with  this  division  a  number  of  "  Consulting  Spe 
cialists"  have  been  selected  to  whom  strictly  scientific  question 
will  be  submitted — as  those  concerning  the  standard  baromete 
and  thermometer,  pendulum  apparatus  and  observations,  atmot 
pheric  absorption  of  solar  heat,  ground  electrical  currents  an 
atmospheric  electricity,  chemical  analysis  of  air,  collection  an 
examination  of  atmospheric  dust.  In  addition,  a  Committee  ( 
Conference  was  appointed  by  the  National  Academy  at  the  Wasl 
ington  meeting,  A-pril  17,  consisting  of  nine  prominent  scientif 
men  to  whom  "  the  Chief  Signal  Officer  may  refer,  as  occasic 
arises,  questions  of  meteorological  science  and  its  applications 
Of  special  scientific  investigations  imdertaken  in  connection  wi 
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igiial  Service  and  promising  important  results  may  be  men- 
(1  the  expedition  of  Frofessor  Langley  to  Mount  Whitney  dur- 
^le  past  season,  to  study  the  absorption  of  the  sun's  heat  by  the 
sphere.  The  Signal  Service  has  also  taken  up  the  important 
H-'t  of  standard  time,  to  which  reference  has  been  made  in 
Journal  (vol.  xxi,  p.  414).  Finally,  General  Hazen  mentions 
:  has  been  done  by  the  Service  in  codperation  with  the  Inter- 
mal  Committee  of  Polar  Research,  which  has,  during  the 
two  years,  organized  a  system  of  stations  in  both  Arctic  and 
irctic  regions.  At  these  stations  observations  will  be  con- 
ed hourly  and  bi-hourlv,  in  meteorology,  magnetism  and 
«,  with  special  obsen^ations  on  gravity,  auroras,  earth  cur- 
8,  etc.  The  knowledge  thus  gained  will  be  invaluable  in 
"ding  data  for  the  solution  of  many  obscure  meteorological 
)leTns.  The  stations  established  by  the  United  States  are  at 
V  Franklin  Bay,  81°  40'  N.  lat.,  64°  30'  W.  long.,  and  at 
It  Barrow;  Alaska,  71°  27'  N.  lat.,  and  156°  15'  W.  long. 
Natiofial  Academy  of  Science^  Nov,,  1881. — The  following 
the  titles  of  papers  entered. 

n  a  Gigantic  Salpa  found  in  the  Gulf  Stream,  A.  Agassiz. 
he  Echini  of  the  Challenger  Expedition,  A.  Agassiz. 
he  Distribution  of  Corals  of  the  Tortugas,  A.  Agassiz. 
he  PorpitidaB,  the  Velellidaj,  and  the  Surface  Fauna  of  the 
f  Stream,  A.  Agassiz. 

lassification  of  the  Dinosauria,  O.  C.  Marsh, 
accession  in  Time  of  the  Allotheria,  O.  C.  Marsh, 
n  Complex  Inorganic  Acids,  W.  Gibbs. 
n  the  Theory  of  the  Dynamo-electric  Machine,  W.  Gibbs. 
lean  annual  rain-fall  for  different  countries  of  the  Globe,  E. 
mis. 

n  the  PhenacodontidaB,  a  new  group  of  Perissodactyla,  E.  D. 
e. 

.  comparison  between    the   shells   of  Kj5kkenmoddings   and 
lent  shells  of  the  same  species,  E.  S.  Morse, 
'n  the  Objects  and  Results  of  the  Recent  Expedition  to  Mt. 
itney,  S.  P.  Langley. 

'n  a  form  of  regulator  for  driving-clock  of  an  Equatorial,  C.  A. 
ing. 

•d  the  Logic  of  Number,  C.  S.  Peirce. 

tatement  respecting  experiments  on  the  Velocity  of  Light,  S. 
rcomb. 

otice   of  a   remarkable   mineral   vein    in   the   Black   Range 
gretta  Mts.)  of  Socorro  County,  New  Mexico,  B.  Silliman. 
acts  regarding  Sorghum  and  some  conclusions  as  to  its  value 
source  of  sugar,  P.  Collier, 
n  a  new  form  of  Volumescope,  R.  E.  Rogers, 
n  Mascart's  electrometer  and  its  use  as  a  Meteorological  instru- 
t,  G.  F.  Barker. 

n  Hydrometer  Scales,  C.  F.  Chandler. 
1  Chinoline;  its  Synthesis  and  Medical  uses,  FT.  Morton. 
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On  the  Fossil  and  Recent  Faunae  of  the  Oregon  desert,  K  D. 
Cope. 

Biographical  Memoir  of  the  late  Professor  S.  S.  Haldeman^ 
J.  P.  Lesley. 

Newly  determined  line  of  the  Terminal  Moraine  across  Pena^ 
sylvania,  J.  P.  Lesley. 

An  Elementary  Treatise  on  Klectricity,  by  James  Clerk  Maxwell,  M.\.  . 
edited  by  William  Garnett,  M.A.  208  pp.  8vo,  with  6  plates.  Oxford,  188j.' 
(Clarendon  Press.) 

Tables  of  Qualitative  Analysis,  arranged  by  H.  G.  Madan,  M.A.,  F.C.S.    20  pp 
4to.     Oxford,  1881.     (Clarendon  Press.) 

OBITUARY. 

Mr.    Robert  Mallet,   F.R.S.,  long  known  for   his  valuable 
memoirs    on    earthquakes    and    volcanoes,  died  on    the   fifth  of 
November,  at  the  age  of  seventy-one.     Mr.  Matlett  was  born  in 
Dublin  on  June  3,  1810.     lie  qualitied  himself  early  in  life  as  an 
engineer,  and  for  a  number  of  years  was  actively  engaged  in  the 
work  of  his  profession.     His  taste  for  scientific  study  led  him  also 
to  spend   much  time  in  study  and  research,  and  in  1846  his  first 
paper  on  earthquake  phenomena  was  published  in  the  Philosoph- 
ical Magazine.     Two  years  later  he  published,  in  the  Transactions 
of  the  Royal  Irish  Academy,  a  paper  containing  an  exposition  of 
his  views  on  wave-movement  in  earthquakes,  and  from  that  time 
until  the  end  of    his  life  his  scientific  activity  did   not  cease, 
although  during  his  later  years  he  was  afiiiicted  with  almost  total 
blindness.     Altogether  he  was  the  author  of  more  than  seventy 
memoirs,   besides   several    separately   published   works.      These  : 
memoirs  relate  for  the  most  part  to  the  phenomena  of  earth- 
quakes and  volcanoes,  and  will  always  be  of  the  greatest  value  to 
the  student  of  these  subjects ;  in  fact  the  subjects  may  be  said  to 
have  been,  in  many   respects,  developed  by  him.     Among  the 
more  important  of  his  scientific  contributions  may  be  mentioned 
the  Earthquake  Catalogue  completed,  with  the  aid  of  his  son 
(Professor  J.  W.  Mallet,  of  Virginia),  in  1858;  also  the  memoir  ' 
containing  his  observations  on  the  Neapolitan  earthquake  pub- 
lished in  two  volumes,  in  1862,  in  which  for  the  fii-st  time  he  laid 
down  the  method  of  studying  such  phenomena ;  and  still  aj?am . 
the  paper  on  Volcanic  Energy  published  in  the  Transactions  of  the  ■ 
Royal  Society  in  1872.     The  last  memoir  mentioned  contains  the 
results  of  a  series  of  careful  experiments  and  of  calculations  based 
upon  them,  on  the  amount  of  heat  produced   by  the  crushing  of 
diflferent  kinds  of  rocks ;  the  conclusions  reached,  in  regard  to  the 
probable  mechanical  source  of  much    of    the  heat  involved  in  J 
metamorphic  action  and  volcanic  phenomena,  have  exerted  a  wide 
influence,  and  their  importance  can  hardly  be  overestimated. 

(The  facts  contained  in  this  notice  are  mostly  taken  from  Nature 
of  December  1.) 
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Art.  VII. — Classification  of  the  Dinosauria;  by  Professor 

O.  C.  Marsh.* 

In  the  May  number  of  the  American  Journal  of  Science, 
Age  423),  I  presented  an  outline  of  a  classification  of  the 
iirassic  Dinosaurian  Reptiles  of  this  country  which  I  had 
jreonally  examined.  Tne  series  then  investigated  is  depos- 
jd  in  the  Museum  of  Yale  College,  and  consists  of  several 
mdred  individuals,  many  of  them  well  preserved,  and  repre- 
Dting  numerous  genera  and  species.  To  ascertain  how  far  the 
issification  proposed  would  apply  to  the  material  gathered 
m  wider  fields,  I  have  since  examined  various  Dinosaurian 
nains  from  other  formations  of  this  country,  and  likewise, 
ring  the  past  summer,  have  visited  most  of  the  museums 
Europe  that  contain  important  specimens  of  this  group, 
thougn  the  investigation  is  not  yet  completed,  I  have  thought 
5  results  already  attained  of  sufficient  interest  to  present  to 
\  Academy  at  this  time. 

[n  previous  classifications,  which  were  based  upon  very  lim- 
d  material  compared  with  what  is  now  available,  the  Dino- 
ire  were  very  generally  regarded  as  an  order.  Various  char- 
«rs  were  assigned  to  the  group  by  von  Meyer,  who  applied 
it  the  term  Pachypoda  ;  by  Owen,  who  subsequently  gave 
J  name  Dinosauria^  now  in  general  use;  and  also  by  Huxley, 
10  more  recently  proposed  the  name  Omithoscelida^  and  who 
jt  appreciated  the  great  importance  of  the  group,  and  the 
se  relation  it  bears  to  Birds.  The  researches  of  Leidy  and 
pe  in  this  country,  and  Hulke,  Seeley,  and  others  in  Europe, 
re  likewise  added  much  to  our  knowledge  of  the  subject 
In  examination  of  any  considerable  portion  of  the  Dinosau- 
1  remains  now  known  will  make  it  evident  to  any  one  famil- 
with  reptiles,  recent  or  §xtinct,  that  this  group  should   be 

■lead  before  the  National  Academy  of  Sciences,  at  the  Philadelphia  meeting, 
smber  14,  1881. 

r.  JooR.  8ci.— Third  Sbrtbs,  Vol.  XXIII,  No.  183.— January,  1882. 
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regarded,  not  as  an  order,  but  as  a  suh-class,  and  this  rank  is 
given  it  in  the  present  communication.  The  great  number  of 
subordinate  divisions  in  the  group,  and  the  remarkable  divers- 
ity among  those  already  discovered  indicate  that  many  new 
forms  will  yet  be  found.  Even  among  those  now  known,  there 
is  a  much  greater  difference  in  size  and  in  osseous  structure 
than  in  any  other  sub-class  of  vertebrates,  with  the  single 
exception  of  the  placental  Mammals.  Compared  with  the 
Marsupials,  living  and  extinct,  the  Dinosauria  show  an  equal 
diversity  of  structure,  and  variations  in  size  from  by  far  the 
largest  land  animals  known — fifty  or  sixty  feet  long,  down  to 
some  of  the  smallest,  a  few  inches  only  in  length. 

According  to  present  evidence,  the  Dinosaurs  were  confined 
entirely  to  the  Mesozoic  age.  They  were  abundant  in  the  Tri- 
assic,  culminated  in  the  Jurassic,  and  continued  in  diminishing 
numbers  to  the  end  of  the  Cretaceous  period,  when  they  became 
extinct  The  great  variety  of  forms  that  flourish^  in  the 
Triassic  render  it  more  than  probable  that  some  members  of 
the  group  existed  in  the  Permian  period,  and  their  remains 
may  be  brought  to  light  at  any  time. 

The  Triassic  Dinosaurs,  although  so  very  numerous,  are 
known  to-day  mainly  from  footprints  and  fragmentary  osseous 
remains.  Not  more  than  half  a  dozen  skeletons,  at  all  com- 
plete, have  been  secured  from  deposits  of  this  period ;  hence, 
many  of  the  remains  described  cannot  at  present  be  referred  to 
their  appropriate  divisions  in  the  group. 

From  the  Jurassic  period,  however,  during  which  Dino- 
saurian  reptiles  reached  their  zenith  in  size  and  numbers,  rep' 
resentatives  of  no  less  than  four  well-marked  orders  are  no^ 
so  well  known  that  different  families  and  genera  can  b< 
very  accurately  determined,  and  almost  the  entire  osseous 
structure  of  typical  examples,  at  least,  be  made  out  witl 
certainty.  The  main  difficulty  at  present  with  the  Jurassic 
Dinosaurs  is  in  ascertaining  the  affinities  of  the  diminutive 
forms  which  appear  to  approach  Birds  so  closely.  These 
forms  were  not  rare,  but  their  remains  hitherto  found  are 
mostly  fragmentary,  and  can  with  difficulty  be  distinguished 
from  those  of  Birds,  which  occur  in  the  same  beds.  Future 
discoveries  will,  without  doubt,  throw  much  light  upon  this 
point. 

Comparatively  little  is  yet  known  of  Cretaceous  Dinosaura, 
although  many  have  been  described  from  incomplete  speci* 
mens.  All  of  these  appear  to  have  been  of  large  size,  but 
much  inferior  in  this  respect  to  the  gigantic  forms  of  the  pre* 
vious  period.  The  remains  best  preserved  show  that,  beiore 
extinction,  some  members  of  the  group  became  quite  highly 
specialized. 
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LegardiDg  the  Dinosaurs  as  a  sub-class  of  the  Reptilia,  the 
ns  best  known  at  present  may  be  classified  as  follows : 

Sub-Class  DINOSAURIA. 

Premaxillary  bones  separate;  upper  and  lower  temporal 
jhes;  rami  of  lower  jaw  united  in  front  by  cartilage  only;  no 
ith  on  palate.  Neural  arches  of  vertebrae  united  to  centra  b^ 
lure;  cervical  vertebrae  numerous;  sacral  vertebrae  coossi- 
id.  Cervical  ribs  united  to  vertebrae  by  suture  or  ankylosis ; 
oracic  ribs  double-headed.  Pelvic  bones  separate  from  each 
her,  and  from  sacrum  ;  ilium  prolonged  in  front  of  acetjibu- 
m;  acetabulum  formed  in  part  by  pubis;  ischia meet  distally 
I  median  line.  Fore  and  hind  limbs  present,  the  latter 
abulatory  and  larger  than  those  in  from;  head  of  femur  at 
zht  angles  to  condyles;  tibia  with  procnemial  crest;  fibula 
>mplete.  First  row  of  tarsals  composed  of  astragalus  and 
Jcaneum  only,  which  together  form  the  upper  portion  of 
ikle  joint. 

.)  Order  Sauropoda  (Lizard   foot)  Herbivorous. 

Feet  plantigrade,  ungulate;  five  digits  in  manus  and  pes; 
Kjond  row  of  carpals  and  tarsals  unossified.  Pubes  project- 
ig  in  front,  and  united  distally  by  cartilage ;  no  post-pubis. 
recaudal  vertebrae  hollow.  Fore  and  hind  limbs  nearly 
jual;  limb  bones  solid.  Sternal  bones  parial.  Premaxillaries 
ith  teeth. 

(1.)  Family  Atlantosauridce,  Anterior  vertebrae  opisthocoe- 
an.  Ischia  directed  downward,  with  extremities  meeting  on 
ledian  line. 

Genera  Atlantosaurus,  Apatosaurus^  BrontosauriLs,  Diplodocus^ 
Camarasaurits  {AmphwoeUas),  ?  Dystrophceus. 

(2.)  Family  Morosauridt^.  Anterior  vertebrae  opisthocoelian. 
Bchia  directed  backward,  with  sides  meeting  on  median  line. 

Genus  Morosauriis. 

European  forms  of  this  order :  Bothriospondylxis^  Cetiosaurus, 
^hondrosleosaurtis^  Eucamerotus,  Orniihopsis,  Pelxn-osaurus. 

I)  Order  Stegosauria  (Plated  lizard).  Herbivorous. 

Feet  plantigrade,  ungulate;  five  digits  in  manus  and  pes; 
econd  row  of  carpals  unossified.  Pubes  projecting  free  in 
"ont;  post-pubis  present.  Fore  limbs  very  small;  locomotion 
lainly  on  hind  limbs.  Vertebrae  and  limb  bones  solid.  Osseous 
ermal  armor. 

(1.)  Family  Stegosauridoe,  Vertebrae  biconcave.  Neural  canal 
sacrum  expanded  into  large  chamber ;  ischia  directed  back- 
ird,  with  sides  meeting  on  median  line.  Astragalus  coossi- 
d  with  tibia ;  metapodials  very  short. 


84  0.  C.  Marsh — Class ijicaiion  of  the  Dinosauria,  * 

Genera  Siegosaurus  {ny2)sirhophtLs\  Diracodon^  and  in  Europe 
Omosaurus,  Owen. 

(2)  Family  Scelidosanndce.     Astragalus  not  coossiBed  wit^j 
tibia;    metatarsals  elongated;    four  functional  digits  in  pei 
Known  forms  all  European. 

Genera,  Scelidosaurus^  Acanthopholis^  Craixomus^  Hylceasaum^ 
Polacanthits. 

(3.)  Order  Ornithopoda  (Bird  foot).  Herbivoroag. 

Feet  digitigrade,  five  functional  digits  in  raanus  and  three  in  ] 
pes.     Pubes  projecting  free  in  front ;  post-pubis  present    Vert- 
ebrae  solid.      Fore  limbs   small ;    limb   bones  hollow.      Pre- 
maxillaries  edentulous  in  front. 

(1.)  Family  Campionotidce.  Clavicles  wanting ;  post-pubis 
complete. 

Genera  Camptonotus^  Laosanrus^  Nanosaurus^  and  in  Europe 
Hypsiloph  odov . 

(2.)  Family  Iguanodonlidce,  Clavicles  present;  post-pabi& 
incomplete.  Premaxillaries  edentulous.  Known  forms  all 
European. 

Genera  lavxinodon^  Vectisaurus. 

(8.)  Family  Hadrosauridce.  Teeth  in  several  rows,  forming 
with  use  a  tesselated  grinding  surface.  Anterior  vertebw^^ 
opisthocoelian. 

Genera  Hadrosaurus,  f  Agat/iaumas,  Cionodon, 

(4.)  Order  Theropoda  (Beast  foot).  Carnivorous. 

Feet  digitigrade ;  digits  with  prehensile  claws.  Pubes  pro- 
jecting downward,  and  codssified  distally.  Vertebrae  more  or 
less  cavemoua  Fore  limbs  very  small ;  limb  bones  hollow. 
Premaxillaries  with  teeth. 

(1.)  Family  Megalosauridce.  Vertebra)  biconcave.  Pubej; 
slender,  and  united  distally.  Astragalus  with  ascending  pro*^ 
cess.     Five  digits  in  man  us  and  four  in  pes. 

Genera  Megalosaurus  {Poikilopleuron\  from  Europe.  AUiih 
saurus,  Ccelosaurus,  Creosaui^s,  Diyptosaurus  (Loelaps). 

{2,)  Feimily  Zanclodontidoi.  Vertebra?  biconcava  Pubes  broad 
elongate  plates,  with  anterior  margins  united.  Astragalus  with* 
out  ascending  process  ;  five  digits  in  manus  and  pes.  Knowa 
forms  European. 

Genera  Zanclodoii,  f  Teratosaurus. 

(3.)  Family  Amphisauridce.  Vertebrae  biconcave.  Pubes  rod- 
like  ;  five  digits  in  manus  and  three  in  pes. 

Genera  A  mphisaurus  {Megadactylus\  f  BathygjicUhus,  ?  Clepsy 
saurtis ;  and  in  Europe,  Palceosaurus,  Thecodontosaurus, 
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(4.)  Family  LabrosauridcR.  Anterior  vertebrae  strongly 
^pisthocoelian,  and  cavernous.  Metatarsals  much  elongated. 
Pubes  slender,  with  anterior  margins  united. 

Genus  Labrosaurus, 

Sub-Order  Ccbluria  (Hollow  tail.) 

(5.)  Family  Ooeluridce.  Bones  of  skeleton  pneumatic  or 
hollow.  Anterior  cervical  vertebrae  opisthocoelian,  remainder 
bi-concave.     Metatarsals  very  long  and  slender. 

Genus  Coslurus. 

Sub-Order  Compsognatha. 

(6.)  Family  Oampsognathidas.  Anterior  vertebrae  opistho- 
coelian. Three  functional  digits  in  manus  and  pes.  Ischia 
with  long  symphysis  on  median  lina  Only  known  specimen 
Soropean. 

Crenus  Compsognalhus, 

DINOSAURIA  ? 

(5.)  Order  Hallopoda  (Leaping  foot.)  Carnivorous  ? 

Feet  digitigrade,  unguiculate ;  three  digits  in  pes ;  meta- 
;  tiisals  greatly  elongated  ;  calcaneum  much  produced  back- 
I  ward.  Fore  limbs  very  small.  Vertebrae  and  limb  bones 
bollow.     Vertebrae  biconcave. 

Family  Hallopodidce. 

Genus  Halhpus. 

The  five  orders  defined  above,  which  I  had  previously 
established  for  the  reception  of  the  American  Jurassic  Dino- 
saurs, appear  to  be  all  natural  groups,  well  marked  in  general 
Ifrom  each  other.  The  European  Dinosaurs  from  deposits  of 
corresponding  age  fall  readily  into  the  same  divisions,  and, 
in  some  cases,  admirably  supplement  the  series  indicated  by 
the  American  forms.  The  more  important  remains  from  other 
formations  in  this  country  and  in  Europe,  so  far  as  their 
characters  have  been  made  out,  may  likewise  be  referred  with 
tolerable  certainty  to  the  same  orders. 

The  three  orders  of  Herbivorous  Dinosaurs,  although  widely 
different  in  their  typical  forms,  show,  as  might  be  expected, 
indications  of  approximation  in  some  of  their  aberrant  genera. 
The  Saurapoda,  for  example,  with  Ailantosaurus  and  Bronto- 
iourus,  of  gigantic  size,  for  their  most  characteristic  members, 
have  in  Morosaunis  a  branch  leading  toward  the  Stegosauria, 
The  latter  order,  likewise,  although  its  type  genus  is  in  many 
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respects  the  most  strongly  marked  division  of  the  Dinosaun^ 
has  in  Scelidosaurus  a  form  with  some  features  pointing  strooglj 
toward  the  Ornithopoda. 

The  Carnivorous  Dinosauria  now  best  known  may  all  be 

{)laced  at  present  in  a  single  order,  and  this  is  widely  separated 
rom  those  that  include  the  herbivorous  forms.  The  two  sub- 
orders defined  include  very  aberrant  forms,  which  show  manj 
points  of  resemblance  to  Mesozoic  Birds.  Among  the  more 
fragmentary  remains  belonging  in  this  order,  but  not  included 
in  the  present  classification,  this  resemblance  appears  to  be 
carried  much  farther. 

The  order  Hallopoda,  which  I  have  here  referred  to  the 
Dinosauria^  with  doubt,  differs  from  all  the  known  members  of 
that  croup  in  having  the  hind  feet  especially  adapted  for  leap- 
ing,  the  metatarsals  being  half  as  long  as  the  tibia,  and  the  cal- 
caneum  produced  far  backward.  This  difference  in  the  tarsus, 
however,  is  not  greater  than  may  be  found  in  a  single  order  of 
Mammals,  and  is  no  more  than  might  be  expected  in  a  sub-class 
of  Beptiles. 

Among  the  families  included  in  the  present  classification,  I 
have  retained  three  named  by  Huxley  {ScelidosauridcBj  Tgmn- 
odontidoe^  and  Megahsauridm)*  although  their  limits  as  here 
defined  are  somewhat  difi^erent  from  those  first  given.  The 
sub-order  Oompsognatha,  also,  was  established  by  that  author 
in  the  same  memoir,  which  contains  all  the  more  importaat 
facts  then  known  in  regard  to  the  Dinosauria.  With  the 
exception  of  the  Hadrosauridce,  named  by  Cope,  the  other  fam- 
ilies above  described  were  established  by  the  writer. 

The  Amphisauridce  and  the  ZanclodontidcBj  the  most  general- 
ized families  of  the  Dinosauria^  are  only  known  from  the  Trias. 
The  genus  Dystrophceus,  referred  provisionally  to  the  Sauropoda^ 
is  likewise  from  deposits  of  that  age.  The  typical  genera,  how- 
ever, of  all  the  orders  and  suborders  are  Jurassic  forms,  and  on 
these  especially  the  present  classification  is  based.  The  Hadro- 
sauridcR  are  the  only  family  contined  to  the  Cretaceous.  Above 
this  formation,  there  appears  to  be  at  present  no  satiBfactory 
evidence  of  the  existence  of  any  Dinosauria. 

♦  Quarterly  Journal  Geological  Society  of  London.    Vol.  xxvi,  p.  3i.     1870. 
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Art.  Vni. —  The  Flood  of  the  Connecticut  River  Valley  from  the 
melting  of  the  Quaternary  Olacier ;  by  J.  D.  Dana. 

The  explanations  oflFered  in  my  last  paper  *  with  reference 
^  the  origin  of  the  so-called  **karaes"  in  the  Connecticut  Val- 
'^y,  and  of  terrace-formations  in  general,  suppose  certain  con- 
«>tions  and  results  that  are  fundamentully  at  variance  with 
other  views  of  Mr.  Upham.  It  is  necessary,  therefore,  to  con- 
sider the  facts  bearing  on  these  points  ot  3ifference  in  order  to 
clear  the  subject,  if  possible,  of  the  doubts  with  which  in  some 
rainds  it  is  at  present  beset.  These  points  involve  the  ques- 
^on  as  to  the  relations  between  the  position,  features  and 
heights  of  the  valley-deposits  and  the  depth,  pitch  and  velocity 
of  the  flooded  river.  The  latter  subjects  are  consequently 
among  those  that  are  discussed  in  the  following  pages.  As  the 
Connecticut  was  one  of  many  flooded  streams  in  Glacial 
-America,  the  conclusions  here  deduced,  if  well  established, 
have  an  importance  as  universal  as  the  floods.  This  difference 
is  however  to  be  noted  between  New  England  rivers  and  many 
to  the  west  or  south  of  west,  that  the  former  were  wholly 
within  the  glacier-covered  region. 

In  the  following  pages  I,  first,  briefly  state  what  appears  to 
have  been  the  general  condition  of  the  Connecticut  and  its 
tributaries  during  the  progress  of  the  flood  :  and  then  consider : 
(2)  the  origin  of  the  channol-way  ol'  the  river;  (3)  the  ques- 
tion as  to  which  is  the  nonnul  upper  terrace  in  any  part  of  the 

♦This  Journal,  xxii,  451,  1881. 
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valley,  or  that  which  most  correctly  registers  the  higbei 
flood  level ;  and  next,  take  up  the  subject  (4)  of  the  dimension! 
velocity  and  discharge  of  the  flooded  river,  and  (5)  the  beai 
ing  of  the  facts  on  the  retreat  of  the  glacier. 

1.    General  condUiofis  of  the  flooded  rivers  and  tributaries  durim 

the  melting  of  the  glacier, 

1.  Like  other  river-floods, — The  view  to  which  I  have  beei 
led  by  the  study  of  the  phenomena  of  the  Champlain  period 
or  those  of  the  melting  glacier,  is  that  a  river-fiood  tlien  was  ir 
most  points  like  a  river-flood  now.  The  valleys  were,  at  tin 
outset,  deep  valleys,  and  generally  of  greater  depth  ^than  a 
present;  for  many  have  thick  deposits  over  the  bottom  thu 
were  left  there  by  the  flood. 

The  waters  of  the  Connecticut,  as  well  as  of  other  streams 
rose  gradually;  passed  the  ordinary  modern  limit  of  20  to  3l 
feet;  still  kept  on  rising  for  a  prolonged  period,  owing  to  th. 
long  continuation  of  the  melting  and  the  abundant  rains  o 
that  eminently  pluvial  era;  and,  at  lust,  they  reached  a  heigh 
of  200  to  260  feet  above  modern  low  water  in  the  river 
During  its  progress  and  continuance,  water,  bearing  sand  ant 
often  gravel  and  stones,  flowed  down  the  slopes  leading  intc 
the  valley  along  all  the  smaller  depressions  of  the  surface  as 
well  as  by  the  many  tributary  valleys.  Abrasion,  transporta- 
tion and  deposition,  the  ordinary  agencies  in  river  action,  went 
forward,  as  usual,  together;  and  so  the  waters  kept  a  great 
channel  open  along  the  course  of  greatest  velocity,  like  a 
modern  river,  and  transported  and  deposited  according  to  the 
supply  and  rate  of  movement. 

Whenever,  finally,  the  diminution  in  the  supply  of  water  from 
the  melting  glacier  failed  of  compensation  by  an  increase  in 
the  rains,  the  decline  of  the  flood  began;  and,  as  the  river  re- 
treated toward  its  present  contracted  condition,  it  dug  down 
into  the  bottom  deposits  to  make  its  new  or  modern  water- 
channel  and  flood-grounds. 

2.  Changes  in  tributaries  with  the  progress  of  the  flood, — The 
waters  rose  concurrently  in  the  main  river  and  in  its  tribu- 
taries;  all  had  augmented  activity  together.  At  first,  little 
streams  and  large  ones  may  have  been  alike  great  transportew 
of  sand  and  gravel.  But  with  increasing  height  of  flood  there 
would  have  been  changes.  Some  of  the  fierce  little  torrents 
would  soun  have  become  quiet  through  submergence  by  the 
great  river.  Other  longer  ones,  flowing  in  rapids  from  tht 
remoter  hills,  would  have  had  their  embouchures  set  back,  bat 
notwithstanding  would  have  continued  their  transportation  o: 
coarse  gravel  and  finer  material  to  the  end,  making  mos' 
abundant  and  coarsest  beds  when  the  flood  was  at  maximunc 
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height  and  violence;  and  the  deposits  now  at  or  about  their 
mouths  contain,  at  various  levels,  such  evidences  of  their  per- 
petual activity.  Others  larger  still,  that  now  flow  in  broadly 
expanded  valleys,  would  have  lost,  through  the  flood,  their 
former  pitch  and  torrential  character,  and  have  become  for  the 
last  few  miles  comparatively  feeble  in  transportation,  capable 
of  carrying  and  depositing  only  the  finer  materials;  although 
farther  up  stream  they  might  have  continued  to  work  as  before. 
White  Iliver  was  an  example.  Such  a  large  stream  might 
however  have  made  coarse  deposits  at  its  mouth  on  the  borders 
of  the  Connecticut,  because  of  the  concentration  carried  on  by 
the  drifting  action  of  the  current  of  the  main  river,  and 
through  contributions  from  ice-floes  coming  down  the  main 
river  or  its  tributary. 

3.  The  till  t/ie  chief  source  of  transported  materials, — The  tribu- 
tary streams  as  well  as  the  main  river  would  have  derived  the 
chief  part  of  their  material  for  transport  from  the  unstratified 
drift  or  till.  For  the  glacier  had  already  deposited  it,  or  the 
larger  part,  and  it  lay  over  the  wide  surface  of  the  country 
open  to  receive  the  flowing  waters,  and  ready  for  easy  removal 
by  them. 

The  western  tributaries.  Wells  River,  White  River  and  the 
rest,  consequently,  did  not  gather  for  transportation  chiefly 
material  from  the  Green  Mountain  rocks  or  those  of  other 
ele;vations  about  their  sources,  but  the  universal  northern  drift 
Hence,  the  drift  or  till  west  of  the  river,  while  mainly  from  the 
northwest,  came  partly  also — especially  that  over  the  western 
borders  of  the  valley — from  the  region  of  the  river  and  its 
bead-afHuents  to  the  north  and  east  of  north  ;  for  the  glacial 
scratches  indicate  movement  of  the  ice  of  the  valley  in  the 
general  direction  of  the  valley.  Consequently,  eastern  and 
western  tributaries  and  Connecticut  river  ice-floes  may  have 
carried  in  stones  from  the  same  northern  and  north-northeast- 
ern source. 

Moreover,  since  the  till  consists  ordinarily:  of  (I)  stones, 
large  and  small,  (2)  earth  or  finely  pulverized  rock,  and 
usually  (3)  of  more  or  less  clay,  it  su])f)lied  (a)  clay  for  clay- 
beds,  (6)  sand  for  sand-beds,  and  (c)  gravel  and  stones  for 
coarser  deposits.  And,  as  the  rising  waters  reached  successively 
bigher  and  higher  till-covered  levels,  submerging  ledges  and 
the  lower  hills,  and  rising  against  the  slopes  of  the  higher,  so 
clay-beds  should  have  been  formed  from  the  clay  of  the  till  at 
various  levels  in  the  terrace  formations,  like  the  sand-beds  and 
gravel  beds;*  but  the  extent  of  them  should  be  relatively 
BDaall,  or  in  proportion  roughly  to  the  clay  in  the  till.  The 
material  of  clay-beds  may  have  come  also  from  other  sources; 

*The  heights  of  many  of  the  cla)'  beds  are  mentioned  beyond. 
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but  there  is  a  remarkable  uniformity  of  characters  in  the  clay 
beds,  especially  the  higher,  which  seems  to  indicate  that  they 
had  in  general  the  same  glacial  source. 

4.  Deposition,  Terraces, — As  happens  now,  deposition  should 
have  taken  place  over  the  flood-grounds,  either  side  of  the 
channel,  wherever  the  waters  were  more  or  less  retarded,  and 
over  the  bottom  according  as  the  velocity  there  allowed  of  it 
Through  these  depositions,  the  terrace-formation  and  its  ter- 
races were  made.  Along  the  side  of  the  swift-flowin^r  stream, 
one  or  both,  where  coarse  material  was  contributed  by  tribu- 
taries, the  depositions  may  often  have  been  of  the  coarsest 
kind,  while  100  yards  away  ihey  were  of  sand  alone,  as  numer- 
ous examples  illustrate. 

With  the  increasing  height  of  the  waters,  the  flood-grounds 
would  have  received  additions  in  height  through  new  deposi- 
tions. But  this  increase  would  have  been  small^  unless  the 
amount  of  material  supplied  for  deposition  were  under  con- 
stant augmentation  so  as  to  have  kept  pace  with  the  increas- 
ing width  of  the  stream,  and  most  markedly  so  if  for  any  long 
distance  tributaries  were  absent  or  feeble  carriers;  and  small, 
nlso,  if  the  rise  of  the  flood  went  on  too  rapidly  to  allow  time 
for  the  slow  work  of  transportation  and  deposition.  The  con- 
ditions for  progress  in  the  different  parts  of  a  valley  would 
thus  have  been  very  diverse;  and  the  diversity  under  them  in 
the  resulting  height  would  have  been  greatly  enhanced  by 
variations  as  to  breadth  and  depth,  or  receiving  capacity,  in 
the  valley  itself. 

But  meteorological  phenomena  have  their  long  cycles ;  and 
these  would  have  made  the  progress  of  the  flood  intermittent, 
causing  times  of  slowly  augmenting  depth  to  alternate  at  long 
intervals  with  periods  of  nearly  stationary  level ;  and  this  cir- 
cumstance might  have  afforded  a  chance  for  approximate  uni- 
formity of  height  in  terrace-plains  ai  certain  levels.  Such  a  long 
period  of  nearly  stationary  level  might  have  given  time  for 
building  up  the  deposits  to  a  common  height,  that  of  the  exist- 
ing water  level,  under  different  rates  of  supply  of  material, 
over  \ery  wide  regions.  A  greater  height  than  the  water-level 
is  not  generally  produced  in  such  cases  because  of  the  chiseling 
or  abrading  action  carried  on  by  the  surface  portion  of  the 
waters,  and  the  fact  that  the  surface  is  the  upward  limit  of 
deposition. 

In  this  way  a  terrace  of  nearly  uniform  height  could  have 
resulted  ;  and,  during  another  such  intermission,  another;  and 
so  on.  Two  prominent  ranges  of  terrace-plains  may  be  dis- 
tinguished between  the  level  of  the  modern  flood-ground  and 
that  of  maximum  flood,  one  at  00  to  80  feet  above  modern  loir 
water  and  another  40  to  60  feet  below  the  maximum. 

According  to  the  process  described  the  terrace-plains  were 
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vied  during  the  rise  of  the  waters.  This,  though  contrary  to 
B  views  ordinarily  held,  and  to  an  early  opinion  of  the 
•iter,  appears  to  be  true  for  the  larger  part.  Yet  many  varia- 
)ns  in  the  levels  were  no  doubt  produced  by  the  abrasions 
id  depositions  attending  the  decline  of  the  flood. 

An  argument  against  the  making  of  the  terraces  of  the  val- 
y  by  abrasion,  forced  on  my  attention  through  all  my  exam- 
lation  of  the  Connecticut  Valley  the  past  season,  is  afforded 
y  the  character  of  those  plains  throughout  the  valley. 
Ixcept  in  the  vicinity  of  tributaries,  the  lower  terrace-plains 
}nsist  almost  uniformly  of  fine  sand  or  sandy  loam  or  clay, 
ke  the  deposits  beneath.  Had  the  plains  resulted  through 
tie  removal  of  overlj'ing  deposits,  that  is,  the  grading  down  of 
igher  terraces  to  the  level  of  the  lower,  the  action  of  the 
brading  waters  would  have  generally  left  behind  much  gravel 
iver  the  surface.  Nothing  like  this  ordinarily  exists  over  the 
ower  terraces. 

Such  a  gravelly  surface  is  however  oftentimes  found  over 
he  upper  terraces,  or  within  50  feet  of  the  highest  terrace- level, 
jartly  as  a  consequence  of  the  increased  velocity  of  the. river 
rhen  the  flood  was  approaching  its  maximum  height,  but  to 
ome  extent,  also,  as  a  result  of  abrasion,  which  has  resulted 
n  depressing  the  surface  and  occasionally  in  making  what 
ook  like  broad  channel-ways  over  it.  It  is  of  importance  to 
lote  that  such  abrasions  over  tlie  terraces  by  the  waters  flowing 
ibove  them  are  wholly  different  in  kind  from  the  channelling 
ind  gouging  done  subsequently  after  the  flood  had  subsided. 

5.  The  era  of  the  glacier  over  the  Connecticut  Valley  and  of  its 
neUing  continuous, — Along  the  southern  glacier  limit  in  North 
America  west  of  New  England,  interglacial  epochs  subordi- 
late  to  the  general  Glacial  period  have  been  recognized.  In 
he  Connecticut  Valley  region,  however,  I  have  found  nothing 
0  indicate  any  such  variations  in  the  ice.  The  southern  end 
)f  ihe  valley,  on  the  Sound,  was  at  least  30  miles  north  of  the 
«Qlhem  lin?  of  the  glacier,  and  hence  the  region  was  wholly 
fithin  that  of  thick  ice;  and  this  is  probably  the  reason  for 
he  absence  of  such  evidence.  While  the  facts  about  the 
White  Mountains  prove  the  ice  to  have  had  a  thickness  of  at 
east  5,000  feet,  the  position  of  the  New  Haven  region  on  the 
5ound  favors  the  idea  of  a  thickness  not  less  th^n  750  feet 
The  situation  of  the  valley  with  reference  to  the  glacier,  and 
;he  hilly  features  of  the  adjoining  country  hence  explain  why 
the  valley  deposits  should  make  a  continuous  series  from  the 
lowest  to  the  highest.* 

*The  Champlain  period  is,  as  regards  the  glacier,  a  part  of  the  Glacial  period. 
Bat  in  view  of  the  fact  that  a  great  physical  cbaDge  took  place  in  the  relatious  of 
theUod  and  sea  (as  proyed  beyond),  initiating  the  era  of  melting,  it  stands  apart 
from  the  true  Glacial  period. 
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This  last  remark  has  no  rrference  to  the  region  of  th< 
White  Mountains,  where  the  ice  maj  have  been  long  continued 
with  the  various  phases  of  modern  glacier-covered  mountains, 
as  urged  by  Protessor  C.  H.  Hitchcock  in  the  first  volume  oi 
th'e  Eeport  on  the  Geology  of  New  Hampshire.  Yet  some  of 
the  transporting  efifects  attributed  by  him  to  such  local  glaciers 
may,  I  think,  be  due  to  transportation  by  floating  ice. 

2.  A  Channel-way  a  cofisequence  of  the  flow  in  the  flooded  river. 

A  channel-way  exists  as  a  consequence  of  the  flow  in  all  mod- 
ern rivers.  But,  according  to  Mr.  Upham,  in  his  Geological 
Report  on  New  Hampshire,  the  filling  up  of  the  Connecticut 
valley  with  stratified  drift  took  place  in  the  era  of  the  melting, 
or  the  Champlain  period,  and  the  excavation  of  the  channel 
and  the  making  of  the  terraces,  in  a  later  era.     He  says,  p.  15: 

The  material  was  **  brought  down  by  the  glacial  rivers  from 
the  melting  ice  sheet,  or  wa^^hed  from  the  till  after  the  ice  had 
retreated  ;"  and  by  this  means  "  the  open  valleys  became  gradu- 
ally  filled  with  great  depths  of  horizontally  stratified  gravel, 
sand  and  clay."  "The  modified  drift  th^is  increased  in  depth 
in  the  principal  valleys  throuizh  a  long  period,  which  may  have 
continued  until  the  last  of  the  ice  at  the  head  of  the  valley  and 
of  its  tributaries  had  di.<appeared."  After  this  came  the  "Ter- 
race Period,'*  and  during  it,  as  the  sentence  following  the  last 
cited  observes,  **the  rivers  have  been  at  work  excavating  deep 
and  wide  channels  in  this  alluvium.  The  terraces  mark  heights 
at  which,  in  this  work  of  erosion,  they  have  left  portions  of  their 
successive  flood  plains."  '*  In  this  way  the  Connecticut  River, 
along  the  greater  part  of  its  course  on  the  west  border  of  New 
Hampshire,  has  excavated  its  ancient  high  flood  plain  of  the 
Champlain  period  to  a  depth  of  from  150  to  200  feet  for  a 
width  varying  from  one-eighth  of  a  mile  to  one  mile,  leaving 
numerous  terraces  at  each  side." 

On  page  59,  he  says :  "The  formation  of  the  terraces  has  taken 
place  by  excavation  of  a  vast  deposit  that  filled  the  valley  level 
with  these  upper  plains."  On  page  44  :  '*  When  the  river  en- 
tered upon  the  work  of  excavating  its  present  channel  in  the 
alluvium,  the  kame  was  a  barrier  which  confined  erosion  to 
the  area  on  one  of  its  sides  and  protected  its  opposite  side." 

This  hypothesis  makes  two  great  floods  necessary  to  the 
results,  one  for  transportation  and  deposition,  and  another  for 
abrasion,  when,  in  fact,  one  may  have  done  both.  In  an  ordi- 
nary river,  the  powers  of  transportation  and  abrasion  are  com- 
bined in  their  action;  and  a  channel  between  flood-grounds 
exists  because  the  transporting  power  is  lessened  on  either  side 
by  loss  of  velocity.  The  channel  and  its  alluvial  borders  thus 
take  shape  together — the  former  through  the  latter. 
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To  make  the  depositions  extend  up  to  a  corannon  level  across 
valley,  or  to  approximate  to  this  condition,  either  (1)  the  val- 
ftv  must  have  no  outlet  and  the  water  therefore  no  current  or 
velocity,  so  that  contributions  from  the  bordering  slopes  shall 
deposit  equally,  as  nearly  as  possible,  over  the  general  area ; 
or (2)  the  amount  of  transported  material  must  be  so  large  that 
transportation  and  friction  use  up  the  working  force  of  the 
stream  and  reduce  its  velocity  almost  to  zero. 

Neither  of  these  conditions  was  a  fact  in  the  flooded  Connect- 
icut This  is  manifest  from  the  varvirig  nature  of  the  deposits ; 
and  from  the  oblique  lamination  and  flow-and-plunsre  structure 
characterizing  the  bedding  in  many  parts  of  the  valley.  It  is 
equally  evident  from  the  fine  straticulation  of  the  sand-beds. 
Had  the  stream  been  so  clogged  by  its  transported  material  as 
nearly  to  lose  its  motion,  the  assorting  and  stratifying  action  of 
flowing  water  would  not  have  been  exhibited  so  universally,  and 
especially  not  in  producing  so  generally  a  fine  straticulate  bed- 
Jingof  the  sands  and  clays,  the  little  layers  of  the  beds  but  a 
fraction  of  an  inch  thick.  This  structure,  like  the  same  in 
the  alluvium  of  the  Nile,  is  proof  of  deposition  by  flowing 
waters,  for  each  little  layer  required  a  separate  special  act  in  the 
flowing  movement,  or  else  successive  conditions  of  supply  and 
deficiency  such  as  come  by  the  changes  of  the  day,  or  season, 
or  year.  From  one  end  of  the  valley  to  the  other  there  is  this 
evidence  in  favor  of  the  Connecticut's  having  been,  through  all 
the  flood,  a  free-flowing  stream,  very  much  as  now. 

We  are  therefore  safe  in  concluding  that  in  the  Connecticut 
valley  the  great  stream  which  deposited  the  sands  and  gravel 
flowed  with  considerable  velocity ;  and,  if  so,  the  making  of  a 
channel  would  have  gone  forward  with  the  making  of  ihe 
<lepositions,  the  current  where  of  greatest  velocity  locating  the 
channel,  and  retardation  either  side  by  friction  along  with  the 
attendant  conditions  of  eddies  locating  the  depositions. 

Further,  as  is  illustrated  in  all  modern  streams,  a  channel- 
way  should  have  steep  sides.  The  present  pitch  of  the  terrace- 
fronts  toward  the  river,  35°  to  42°,  corresponds  to  the  angle 
of  rest  in  sliding  gravel  or  sand  when  dry  or  nearly  so.  How- 
ever steep  the  fronts  at  their  formation,  the  retreat  of  the 
waters  at  any  time  would  have  left  them  to  this  treatment 
of  gravity,  whether  formed  as  the  flood  rose,  or  by  abrasion 

along  the  riverwar^  margin  of  the  terraces  while  it  was  declin- 
ing. 

The  channel- way  being  thus  the  result  of  the  dynamics  of 
wing  water,  no  ice  was  needed  along  it,  or  "kame"  ridges 

on  its  sides,  to  fix  its  shape  or  limits. 
The  extensive  terrace-formations  of  the  Sacramento  River 

valley,  in  California,  among  the  first  studied  by  the  writer  (a 
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little  over  forty  yeara  ago),*  were  deposits  far  away  from  th 
region  of  ice ;  for  the  glacier  of  the  Sierra  Nevada,  accordin 
to  Whitney,  and  also  Brewer,  did  not  reach  down  within  2,00 
feet  of  their  level.  Yet  they  have  nearly  identical  features  wit 
those  of  the  Connecticut.  This  is  true  even  to  the  greaie 
coarseness,  in  many  parts,  of  the  upper  deposits.  The  route  c 
the  parly  I  was  with,  after  reaching  the  valley  of  the  Uppe 
Sacramento,  just  south  of  latitude  40°  45',  led  us  for  filteei 
miles  over  a  high  terrace-plain  covered  thickly  with  stones  oni 
to  three  inches  in  diameter,  much  to  the  annoyance  of  ou 
already  jaded  horses.  The  channel-way,  or  open  space  betweei 
the  high  terraces  of  the  east  and  west  sides  of  the  river,  th< 
terrace-plains,  the  terrace-front  of  40°  and  sometimes  90' 
through  undermining  abrasion,  were  peculiar  only  in  thei 
wonderful  extent 

The  width  of  the  channel-way  has  other  determining  causes 
besides  velocity:  such  as  the  amount  of  transported  material 
for  deposition,  and  the  form  of  tht*  enclosing  valley,  as  already 
explained.  Along  the  Hudson  River  below  the  Highlands, 
the  waters  at  the  time  of  the  great  flood  were  75  to  95 
feet  above  the  present  level ;  and  yet,  owing  to  the  near- 
ness of  the  rocky  hills,  the  channel-wny  was  not  a  fourth 
wider  than  the  present  river;  for  the  higher  terraces  rise  almost 
immediately  from  its  banks.  On  the  other  hand,  the  channel 
way  of  the  Connecticut  at  Hartford,  Conn.,  had  a  width  of  12 
miles;  owing  partly  to  the  low  level  of  the  region,  and  largely 
to  the  long  trap- range  on  the  west,  shutting  out  tributaries  and 
their  contributions  of  sand  and  graVel.  The  Farmingion  Rivei 
which  comes  from  that  direction  through  a  cut  in  the  trap 
range,  and  reaches  the  Connecticut  half  a  dozen  miles  north  o] 
Hartford,  left  a  large  part  of  its  transported  material  west  o: 
the  range  in  the  Farmington  Valley,  where  it  made  terraces 
over  a  hundred  feet  in  heights 

3.    Normal  iijyper  terraces. 

Professor  Edward  Hitchcock,  finding  that  the  terraces  of  the 
Connecticut  about  the  mouths  of  tributaries  were  much  the 
highest,  designated  them,  in  his  ** Surface  Geology,"  "delta 
terraces;"  and  Mr.  Upham.  adopting  the  view,  represents  then 
as  terraces  above  the  level  of  the  "highest  normal  terraces' 
of  the  valley.  The  difference  in  height  between  the  two  kindi 
of  terraces,  the  "  highest  normal .  terraces,"  and  the  "  delta 
terraces,"  along  some  parts  of  the  Connecticut,  are  stated  b] 
Mr.  Upham  to  be  40  to  50  and  sometimes  100  feet. 

♦  October  11,  1841,  on  a  land  expedition  from  the  Columbia  River  to  San  Fran 
Cisco,  connected  with  Uie  U.  S.  Exploring  Expedition  under  Captain  Wilkes.  Se 
my  Geological  Report  of  the  Expedition,  756  pp.  4to,  1849,  pp.  669-674;  and  fo 
an  abstract,  this  Journal,  II,  vii,  257,  1849. 
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I  cite  here  Mr.  Upham's  explanation  of  ihe  delta-terraces  and 
icir  relation  to  the  "  highest  normal  terraces,"  from  page  16  of 
lis  Report  "Upon  entering  the  large  valleys,  tributary 
iieams  of  comparatively  narrow  channel  and  rapid  descent 
requently  formed  extensive  deposits  in  the  Champlain  period, 
jimilar  in  material  to  the  flood-plain  of  the  main  valley,  but 
having  a  greater  height  Sometimes  these  (HiaSy  being  par- 
tially undermined,  form  conspicuous  terraces  a  hundred  feet 
above  the  highest  normal  terrace^  which  is  the  remnant  of  the 
riser's  continuous  flood-plain.  The  deposition  of  the  modified 
drift  of  the  main  river  was  usually,  not  always,  to  the  same 
level  across  the  valley.  The  increased  supply  from  tributaries 
was  sometimes  a  temporary  barrier,  dammmg  up  the  waters  of 
the  main  valley  above;  and  the  current  could  then  deposit  its 
sediment  principally  upon  one  side,  making  the  highest  normal 
terrace  quite  different  in  elevation." 

To  understand  this  explanation,  Mr.  Upham's  idea  as  to  the 
filling  of  the  valley  with  deposits  before  the  making  of  the 
channel-way,  considered  on  the  preceding  page,    must  be  in 
mind.     If  the  making  of  the  channel-way  and  terraces  went  on 
together,  as  appears  to  have  been  the  case,  some  other  conclu- 
sion, both  as  to  the  **  delta- terraces  "  and  the  **  highest  normal 
terraces,''  must  be  found.     The  terraces  of  the  latter  kind,  in 
any  part  of  the  valley,  are  rightly  the  highest  there  observed 
by  Mr.  Upham,  with  the  exception  of  the  **delta-terruces;"  but 
if  the  conditions  in  the  drainage  area  of  the  Connecticut  valley 
were  those  of  a  flooded  river  with  simultaneously  flooded  tribu- 
taries, the  so-called  '*  delta  terraces,''  or  terraces  at  the  mouths 
of  tributaries,  may  mark  the  height  of  maximum  flood  in  the 
main  river.     The  ramifying  streams  would  have  constituted  a 
continuous  range  of  waters,  like  a  river  and  its  tributaries  at  the 
present  time,  and  would  have  made  a  continuous  system  of 
deposits.     The  large  tributary  would  have  entered  the  Connec- 
ticut with  no  greater  pilch  perhaps  than  that  of  the  Connecti- 
cut itself;  while  smaller  streams  might  have  had  a  somewhat 
higher  pitch    according  to  the  slope  of  the  surface  beneath, 
or  the  amount  of  sand  and  gravel  with  which  the  waters  were 
loaded;  a  pitch  of  ten  feet  a  mile  under  the  last-mentioned  con- 
dition would  be  large,  of  fifteen,  very  large,  and  of  twenty  feet, 
improbable.     Only  in  case  a  tributary  had   ridges  about  its 
mouth  so  a3  to  favor  the  formation  of  a  dam,  or  had  had  its  wav 
obstructed  by    a  barrier   of  ice,   would   terraces  of   abnormal 
height  and  pitch  have  been  made.     Otherwise  the  waters  of  the 
Conneciicut  would  have  extended  into  the  mouth  of  the  tribu- 
.  tary,  the  one  blending  with  other.     The  terraces  of  the  latter, 
the  so-called  "delta- terraces,"  might  thus  have  been  part  of  the 
terrace  formations  of  the  main   river.     And  such    ^'delta-ter- 
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races,"  especially  those  that  project  out  into  the  Connecticot 
valley  so  as  to  terrace  it  for  some  distance,  may  be  and  gener- 
ally are,  the  best  indicators  of  maximum  flood-level  to  be 
found,  the  true  highest  normal  terraces;  because,  as  already 
explained,  the  supply  of  detritus  for  terrace  making  was  there 
the  greatest.  Were  the  waters  so  clogged  by  the  material 
under  transportation  as  to  flow  like  mud,  the  angle  of  pitch 
might  be  even  as  high  as  15  or  20  degrees.  But  the  stratified 
and  straticulate  structure  of  the  deposits  proves  that  such  a 
condition  was  of  rare  occurrence. 

From  this  obvious  relation  of  the  tributary  terraces  to  those  of 
the  main  river  it  became  of  the  highest  importance  to  ascertain 
whether  the  "  delta- terraces  "  of  the  different  tributaries  might 
be  s»fely  taken  or  not  as  the  highest  normal  Connecticut  ter- 
races for  the  part  of  the  valley  in  which   they  occur,  and  the  j 
study  of  this  point  was  one  of  the  prominent  objects  before  me 
in  my  examination  of  the  Connecticut   valley.     I    found,  in 
nearly  every  case  investigated,  that  the  outer  part  of  the  tribu- 
tary terraces  would  have  been  within  the  range  of  the  flood 
waters  of  the  Connecticut;  so   that,  while    the  tributary  was 
pouring  in  its  abundant  detritus,  the  main  river  would  have 
been  distributing  and  leveling  it     This  was  so  with  Oliverian 
Brook  in  Haverhill,  where  it  opened  on  the  Connecticut    The 
normal  terrace  of  the  Connecticut  at  the  mouth  of  this  stream, 
is  stated   bv  Cpham   to  be  only  83  feet  above  low  water  in 
the  river,  while  this  brook  Of>ens  on  the  valley  with  a  terrace; 
over  200   feet   in  heisfht.     That  this  brook   should  have  held 
its   waters   up  to  this  ^reat    height   and    made  a  terrace  at 
that  level,  when  those  of  the  Connecticut  were  more  than  100 
feet  below,  is  not  jx>ssible,  unless  the  side  of  the  Connecticot? 
agtiinst  the  mouth  of  the  stream  were  blocke<l  with  solid  ice:  j 
and  this  condition  is  shown  bv  other  facts  not  to  have  existed!:^ 
The  facts  are  similar  in  the  case  of  the  **  delta  terrace  '  of  Israel'ad 
Bnx>k  in  Lancaster;  of  Jacob's  Brook  in   Orford,  five  milea"^ 
north  of  Thetford  ;  of  Eastman's  Brook  in  Piermont ;  and  of  ■ 
most  other  delta-terraces. 

The  true  normal  Hpi»er  terraces  of  a  valley  are  t^tose  that  reg-- 
isUr  the  sauff  hi^jh  floc'd-lfvtl.     Thev  are  not  alwavs  easv  to  be  ■= 
distinguished,  because  of  the  inequalities  in  height  from  un* 
equal    deposition    or    subsequent    abrasion;  but  with  careM  ! 
comparisons  good  general  results  can  be  reached. 

The  mnge  of  f*ormal  upper  terraces  along  a  valley  shoald 
have  a  pitch  down  stream  corresponding  in  a  general  way  with- 
that  which  the  river  had  at  the  lime  of  the  flood.  Mr.  Upham'i 
Report  state?  that  the  upper  terrace  of  the  Connecticut  valley 
becomes  s^ddertli,  /cirtr  above  Theifoni,  where  the  long  *'  kame" 
ends:  is  redoce^i   at  Ely,  two  miles  above  Thetford.  from  t 
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leigbt  above  low  water  in  the  river  of  140  feet  to  that  of  only 
^  feet;  that  it  has  this  low  level,  continued  northward, 
with  little  change,  for  eighteen  miles,  or  more  than  half  way  to 
the  mouth  of  the  Passumpsic;  and  that  at  Haverhill,  seventeen 
miles  north  of  Thetford,  the  ** highest  normal  terrace"  is 
SSfeet  above  the  river,  while  twelve  miles  to  the  north  it  is 
;185  feet  But,  taking  the  terraces  at  the  mouths  of  tributaries 
^18  marking  the  flood-level  along  this  part  of  the  valley — the 
!s(K»lled  *' delta-terraces  "  of  Oliverian  Brook,  Jacob's  Brook, 
[Eastman's  Brook  and  others — and  then  the  low  terraces 
[referred  to  become  simply  the  lower  terraces  along  a  part  of 
[the  valley  in  which  the  highest  normal  terraces  are  wanting, 
'except  at  the  mouths  of  tributaries.* 

I    With  regard  to  the  high  terrace-plain  of  Haverhill  there  are 
f  other  facts  besides  those  connected  with  the  terraces  of  Oliver- 
ian  Brook;  and  these  are  presented  on  a  following  page. 

[To  be  continued.] 


Art.  IX. — Oeology  of  the  Diamond ;  by  0.  A.  Derby. 

Two  papers  on  this  subject  have  lately  appeared  in  Brazil  in 
the  Portuguese  language.  One  by  Professor  H.  Gorceix,  of 
which  an  abstract  was  given  in  the  September  number  of  this 
Journal,  treats  only  incidentally  of  the  diamond.  Its  conclu- 
sions are,  that  the  diamond,  like  the  topaz,  originated  in  the 
■eries  of  granular  quartzites  (itacolu mites)  and  unctuous  schists, 
which  is  so  largely  developed  in  Minas  Geraes,  and  that  the 
itacolurnite  is  possibly  the  original  matrix  of  the  gem. 

In  a  paper  by  myself,  published  in  vol.  v  of  the  Archivos  do 
Kusea  Nacional  of  Rio  de  Janeiro,  the  famous  locality  of  Grao 
lfogol»  in  which  diamonds  are  found  in  quartzite,  is  discussed, 
r  It  is  shown  that,  under  the  name  of  itacolmnite,  two  very  dis- 
;  tinct  geological  series  have  been  confounded.  The  older  series, 
■  including  the  true  flaggy  and  often  flexible  quartzite  to  which 
[  the  name  should  be  limited,  is  intercalated  with  the  unctuous 
f^  (hydro-mica)  schists  and  itabirites.  The  newer  series  is  com- 
b-posed  almost  exclusively  of  quartzite,  which  in  its  finer  parts  is 
■almost  indistinguishable  from  true  itacolumite,  but  which,  in 
[places,  passes  to  a  conglomerate  containing  pebbles  of  all  the 
[lucks  of  the  older  series.  Throughout  the  diamond  region  of 
phe  Serra  do  Espinhaco  this  quartzite  lies  in  well-marked  uncon- 
ffcrmability  on  the  upturned  edges  of  the  lower,  though,  since 

[  ♦  Jlr.  Upbam  explains,  (p.  79,)  the  existence  of  terraces  of  small  heiprht  as  the 
:*•  highest  normal  terraces,"  in  some  placets  low  while  hi^h  elsewhere,  by  assuming 
*'«D  irregular  rate  of  retreat  of  the  ice-sheet,  allowing  long  and  abundant  deposi- 
fino  in  some  portioos,  ))ut  much  less  in  other  portions  of  the  valley." 
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the  localities  where  the  tw.o  quartzites  can  be  seen  in  juxtapc 
tion  and  where  they  are  at  the  same  time  clearly  distingaishal 
one  from  the  other  are  few,  this  unconformabilitv  has  escap 
notice  or  has  only  been  doubtfully  recorded.  Tlie  distincti 
between  the  two  series  of  quartzite  being  established,  it 
shown  that  the  diamond-bearing  rock  of  Grao  Mogol  mo 
probably  belongs  to  the  newer  series,  and  that  the  diamond  ei 
tered  into  its  composition  ready-formed  like  any  other  pebbi 
The  locality  of  Sao  Joao  da  Chapada,  where  the  diamond  hs 
been  mined  in  clay  {barro),  is  described.  It  is  shown  that  th 
mine  is  excavated  in  the  undisturbed  soft  material  resuliin 
from  the  decomposition  of  beds  of  unctuous  schists  underlain, 
a  bed  of  quartzite  (itacolumite)  which  appears  at  the  entranc 
of  the  mine.  The  diamond-bearing  material  was  not  expose 
in  situ,  but  two  masses  dislocated  by  slides  were  pointed  oQtb; 
a  negro,  who  knew  the  mine  thoroughly,  as  the  diaraantiferoo 
barro.  One  consisted  of  a  black  clayey  mass  which,  on  a  fresi 
fracture,  revealed  thin  alternating  layers  of  white  clay  resem 
bling  lithomarge  and  black  pulverescent  iron  oxide.  The  oihe 
mass  consisted  of  a  portion  of  a  quartz  vein,  the  quartz  beioj 
much  fractured  ana  traversed  by  brilliant  plates  of  specula 
iron,  with  a  mass  of  decomposed  shale  adhering  to  one  side,  am 
with  an  undisturbed  mass  of  red  clay  adhering  to  the  other  side 
to  which  in  turn  was  attached  a  mass  of  decomposed  8bal( 
The  vein  nature  of  this  mass  was  unmistakable.  The  red  claj 
which  was  said  to  be  the  diamond-bearing  material,  is  rich  i 
iron,  and  on  treatment  with  acids  leaves  white  quartz  sand  m 
an  abundant  black  sand,  consisting  for  the  most  part  of  micw 
scopic  tourmalines,  according  to  the  determination  of  Professc 
J.  W.  Mallet.  Small  hexagonal  crystals  are  also  described  b 
H.  Eose  in  a  mass  of  barro  containing  a  diamond  obtained  i 
Sao  Joao  by  Messrs.  Heusser  and  Claraz.  It  was  conclude 
from  these  observations  that  the  diamond  occurs  at  Sao  Joaoi 
its  original  matrix,  and  that  this  matrix  is  a  vein  of  quart 
accompanied  by  a  rock  of  unknown  nature,  but  containing  iro 
and  tourmalines  traversing  the  series  of  unctuous  schists  an 
itacolumites. 

Since  the  publication  of  these  papers,  both  Professor  Gorcei 
and  myself  have  revisited  the  diamond  region,  and  these  view 
have  been  fully  confirmed.  A  specimen  of  rock  from  Grj 
Mogol,  obtained  through  the  kindness  of  Dr.  Cartao  Jardii 
shows  distinctly  by  the  side  of  a  diamond  a  rounded  wate 
worn  pebble,  and  Professor  Gorceix  was  so  fortunate  as  t(»  e 
tract,  under  his  own  immediate  supervision  and  with  all  nea 
sary  precautions,  several  diamonds  from  the  barro  of  the  S 
Joao  mine. 

Near  Diamantina  I  examined  a  mine  in  a  rotten  conglom 
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itc,  which  I  suppose  to  belong  to  the  same  series  as  that  of 
5f5o  Mogol.  At  other  points,  near  the  Sao  Francisco  river, 
JiamoDds  appear  in  a  region  of  a  newer  (though  probably  Pa- 
leozoic) conglomerate,  and  in  the  province  of  Parana,  in  a 
region  of  Devonian  sandstone  and  conglomerate.  In  all  these 
cases  the  diamond  has  most  probably  come  out  from  its  second- 
iry  deposit — the  conglomerate.  Of  course  all  rocks  newer  than 
the  original  formation  and  formed  from  its  debris  may  contain 
the  diamond.  The  original  formation  is  most  probably  of 
Cambrian  age. 


Art.  X. —  On  the  Algebraic  Expression  of  the  Diurnal   Varia- 
tion of  Temperature ;  by  B.  A.  Gould.* 

Although  the  general  principles,  which  I  am  about  to  con- 
sider, apply  to  the  cyclical  mean  variations  of  all  the  meteoro- 
logical elements,  we  will  restrict  ourselves  at  present  to  the 
question  of  the  diurnal  changes  of  temperature;  not  merely  for 
greater  brevity,  and  because  these  fluctuations  have  a  wider 
range  and  are  relatively  less  affected  by  abnormal  influences 
than  those  of  the  atmospheric  pressure,  moisture,  etc.,  but  be- 
cause they  have  been  made  the  subject  of  more  extensive  inves- 
tigation, and  because  it  is  more  especially  regarding  these  that 
serious  and  harmful  misapprehensions  appear  to  exist. 

It  can  scarcely  be  questioned  by  any  one,  who  will  give  the 
subject  his  unbiased  reflection,  that  a  phenomenon  due  to  the 
rotation  and  revolution  of  the  earth, — however  its  direct  mani- 
festations may  be  modified  by  indirect  and  collateral  influen- 
ces, also  purely  natural, — must  be  governed  by  gt^neral  laws 
which  cannot  fail  to  become  manifest  in  the  mean  of  observa- 
tions suflBciently  numerous.  For  if  the  indirect  perturbations 
of  ibe  fundamental  law  belong  to  the  class  which  may  properly 
;  be  regarded  as  casual,  they  will  be  eliminated  from  the  mean 
^  values;  and  if  they  are  not  of  this  class  they  must  and  should 
'be  included  in  the  general  law  which  it  is  desired  to  discover. 
Nor  can  it  be  reasonably  denied,  that  if  the  diurnal  variation 
be  in  fact  governed  by  a  general  law,  this  must  be  of  a  cyclical 
nature,  and  capable  of  expression  by  some  formula  which  com- 
pletes its  period  with  the  solar  day. 

There  are  various  formulas  of  this  class,  many  of  them  inter- 
convertible by  simple  analytic  modifications;  but  none,  of  a 
thoroughly  general  character,  which  is  simpler  than  a  series 
progressing  according  to  sines  and  cosines  of  successive  multi- 
ples of  the  time  elapsed  since  an  adopted  epoch.     For  phenom- 

^  Tnnalated  from  Vol.  IL  Chapter  vi,  of  the  **  Anales  de  la  Oficina  Meteoro- 
logica  ArgentiDa,"  by  the  author. 
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ena  of  the  class  in  question,  where  the  curve  is  continuous,  ihii 
is  of  absolute  generality;  and,  although  other  forms  of  exp 
sion  may  x^laim  equal  accuracy,  none  surpasses,  or  probaMij 
equals,  it  in  the  ease  with  wliich  its  constants  may  be  compute^ 
or  the  facility  with  which  its  value  may  be  deduced  for  anj 
value  of  the  variable.     It  is  unlikely  that  these  advantage! 
would  escape  the  attention  of  any  mathematician  who  might! 
desire  to  give  algebraic  expression  to  the  law  of  a  periodic  phftj 
nomenon.     But  it'is  generally  known  among  meteorologists  bf; 
the  name  of  Bessel's  formula,  not  so  much  because  it  whs  fiiiij 
employed   by  that  great  astronomer  in  studying  the  diumati 
oscillations  of  the  barometer,  as  on  account  of  the  elaborate; 
articles  in  which  he  long  afterward  pointed  out  its  generality, 
its  convergence,  and  the  special  circumstances  which  facilitate! 
its  employment  and  application;  and  earnestly  commended  iti 
employment  to  meteorologists  in  determining  the  diurnal  aud 
annual  variations  of  atmospheric  phenomena,  the  influence  of 
winds  from  difterent  directions,  etc. 

In  fact  a  general  algebraic  formula  gives,  as  Bessel  said,  tl 
result  of  observations  expressed    in   the  concisest  form.    T9 
translate  his  words  :  "by  deducing  a  formula  which  represents* 
henomenon,  we  meet  its  theory  half-way;  thus  the  observefj 
ongitudes  of  the  sun,  if  thus  expressed  as  functions  of  the? 
annual  period  would  have  given  a  formula  from  which,  wepe| 
Keppler's  discovery  yet  unmade,  the  elliptic  motion  would  be 
far  more  easily  recognized  than  from  the  observations  directlj, 
....  The  periodic  phenomena  of    meteorology  belong  to  the. 
same  class,  and  the  determination  of  their  formulas,  by  meansol: 
observation,  enables  us  to  subject  them  to  the  readiest  and  m 
complete  examination  ;  so  that  whatever  is  to  be  explained  bf| 
theory  may  be  more  directly  deduced  from  the  formulas  than^ 
from  the  observaiions  themselves  or  from  the  curves  by  which 
it  is  customary  to  represent  the  results  of  unknown  laws." 

The  only  true  object  of  scientific  investigation  is  the  deter- 
mination of  principles  and  laws;  and  it  may  well  be  questioned^ 
what  high  aim  can  be  attained  by  accumulating  special  result!"? 
without  such  generalization. 

It  is  therefore  with  deep  regret,  as  well  as  surprise,  that  we- 
have  seen  the  eminent  director  of  the  Physical  Central  Observa*, 
tory  of  Russia,  under  whose  immediate  supervision  stand  aS 
the  physical  observations  officially  made  in  that  vast  realra, 
express  himself  in  terms  like  the  following,  which  I  quote  from 
among  very  many  other  statements  of  the  same  sort : 

**  How  much  time  has  been  uselessly  squandered  in  observatioot^ 
laboriously  carried  on  through  day  and  night,  and  in  extended  and 
far  more  useless  calculations  of  the  same  by  the  Lambert-Besaer 
interpolation  formula." 


r< 
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"In  the  lately  published  volume  of  the  physical  observations 

y  the  American  expedition  of  the  Polaris,  Air. has  pei-formed 

te  mo6t  disheartening  task  of  utterly  useless  calculation  of  all 
le  meteorological  elements  according  to  Bessel's  formula.  What 
pity  that  the  time  was  thus  lost  which  might  have  been  em- 
loyed  in  making  better  use  of  these  excellent  observations !" 
'*  If  then,  under  the  erroneous  idea  that  a  certain  number  of 
srms  of  the  Lambert-Bessel  interpolation-formula  can  give  the 
iw  of  the  diurnal  variation  of  temperature,  it  has  in  many  cases 
een  sought  to  deduce  therefrom  the  values  for  intermediate 
ours,  or  for  the  maxima  or  minima,  ....  we  cannot  wonder  at 
le  failure  of  such  calculations." 

**The  application  of  Bessel's  formula  to  represent  the  daily 
ourse  of  the  temperature  has,  thus  far,  much  more  hindered  than 
dvanced  our  knowledge  of  the  same." 

These  citations  are  perhaps  more  than  suflBcient  for  my  pur- 
poses; which  are:  first,  to  show  the  facility  with  which  a  back- 
van!  step  may  be  taken,  even  by  one  whose  services  to  his 
lepartment  of  science  have  been  and  are  distinguished  and 
indeniable,  when  a  dominant  idea  is  allowed  lo  distort  his  judg- 
nent:  and  secondly,  to  oppose  the  influences  of  argument  and 
Jemoostration  to  these  attempts  at  discouraging  what  I  believe 
U)  be  the  only  mode  by  which  meteorology  can  become  a  sci- 
ence, and  by  which  it  bids  fair  soon  to  attain  that  rank. 

Had  the  author  perceived  that  the  sine-formula  is  not  simply 
a  means  of  interpolation,  but  a  concise  mode  of  general,  com 
plete  and  definite  expression  of  a  cyclical  law,  he  would  have 
aimed  his  denunciations  at  its  frequent  misapplication,  but  not 
It  its  use.  The  immediate  origin  of  bis  strongly  expressed 
opinions  seems  to  have  been  his  recognition  of  a  relatively  sharp 
bend  in  the  curve  of  mean  temperature  at  many  stations,  near 
the  time  of  sunrise,  and  of  sundry  discordances  between  the 
epochs  of  maxima  and  minima  as  deduced  under  his  direction 
by  graphical  methods,  on  the  one  hand,  and  by  computation  on 
the  other.  But  it  would  be  strange  if  the  upward  bend  near 
sunrise  should  not  be  essentially  balanced  by  a  downward  flex- 
ure after  sunset,  although  the  eflfect  of  this  might  be  less  con- 
Iicuous  in  the  curve  when  graphically  delineated,  and  the 
arpness  with  which  the  moments  of  maxima  and  minima 
:may  be  determined  depends  upon  the  form  of  the  curve  in  their 
iyiciniiy.  Inasmuch  as  the  minimum  usually  precedes  sunrise 
[bj  only  a  small  interval,  while  the  maximum  generally  pre- 
cedes sunset  by  a  very  considerable  one,  a  want  of  symmetry  in 
the  shape  of  the  curve  near  the  two  daily  extremes  ought  to  be 
expected.  Using  identical  data,  it  is  a  remarkable  assertion 
i)at  the  free  hand  and  judgment  of  a  draughtsman  can  afiord 
more  correct  I'epresentation  of  the  true  curve  than  would  be 
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obtained  from  accurate  numerical  calculation  by  means  of  t 
formula. 

I  am  not  aware  that  it  has  ever  been  considered  desirable  i 
base  extended  numerical  calculations  upon  observations  mac 
more  frequently  tb»^n  once  an  hour,  for  the  determination  of  tli 
diurnal  curve ;  nor  do  t  understand  that  the  employment  ( 
such  an  increased  number  is  now  advocated.  Were  this  d< 
sired,  the  influence  of  the  additional  observations  could,  if  pa 
ceptible,  be  introduced  into  the  formula  quite  as  well  as  int« 
the  graphical  sketch.  It  may  therefore  be  assumed  that  ih 
form  of  the  diurnal  curve,  as  afforded  by  hourly  observations* 
amply  sufficient  for  all  the  present  purposes  of  scienti&e  in 
quiry. 

So  much  being  premised,  it  may  be  well  briefly  to  consider 
even  though  only  in  an  elementary  manner,  how  and  to  whi 
extent  the  formula  in  question  may  find  legitimate  application 

Denoting  by  h  the  number  of  hours  elapsed  since  any  givd 
moment  (for  which  we  will,  as  usual,  adopt  that  of  midnight] 
the  observed  temperature  will  be  represented  with  absolute  prt 
cision  for  each  one  of  the  twenty-iour  hours,  by  the  formal 
which,  in  its  most  compact  and  elegant  form,  may  be  written 

TA=M-fa8in(A4-A)-f-58in(2A4-B)+c6in(3AH-C)  +  rf8m(4A+D 

-f Zsin(12A-fL) 

in  which  a,  A,  6,  B,  c,  C,  etc.,  are  constants  which  can  only  b 
determined  by  observation,  and  M  is  the  mean  of  the  twenty 
four  equidistant  observations,  this  being  the  "daily  mean  "a 
defined  by  the  established  usage  of  physicists.  It  is  perhap 
needless  to  add  that  h  should  in  strictness  be  made  to  denci 
hours  of  true  and  not  of  mean  time  ;  but  this  is  a  point  whici 
need  not  be  considered  if  the  length  of  the  interval,  for  whid 
the  formula  is  determined,  be  either  such  as  to  eliminate  th 
equation  of  time  from  the  means  of  the  daily  observations,  o 
so  short  that  its  inclusion  may  be  recognized  and  allowed  fw 
if  desired. 

An  absolute  representation  of  each  of  the  twenty-four  hourlj 
observations,  although  afforded  by  the  formula  if  its  full  num 
ber  of  twelve  terms  be  employed,*  is  more  than  the  demands  o! 
meteorology  require;  for  all  the  errors  of  observation,  notelim 
inated  from  the  data,  would  thereby  be  reproduced,  whereas  b] 

*The  curious  numerical  values  upon  p.  60  of  Dr.  Wild's  ^^Ttrnperatur-VeM 
nisse  des  Kussischen  Reiches  "  from  which  it  is  inferred  that  the  legitimate  reaill 
from  twenty-four  equidistant  observations  cannot  be  fully  represented  by  a  iff 
mula  contaiuing  twenty-four  constants,  are  vitiated  by  the  joint  effect  of  an  ern 
of  computation  and  the  employment  of  an  insufficient  number  of  decimals.  Tl 
effect  of  those  errors  is  quite  insignificant,  it  is  true,  and  amounts  to  only  a  TV 
few  himdredths  of  a  degree;  but  it  is  precisely  upon  these  small  quantitiea.  mo 
inferior  in  magnitude  to  the  unavoidable  errors  of  observation,  that  the  wb( 
argimient  of  the  author  depends. 
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c  omission  of  the  latest  terms  these  errors  will  be  equated  out 
any  desired  extent  in  the  same  way  that  this  end  could  be 
tained  by  graphical  methods,  but  with  far  more  accuracy. 
od  a  general  expression,  which  sufficiently  represents  the 
lown  mean  temperature  at  intervals  of  an  hour  throughout 
ic  day,  cannot  fail  to  give  that  which  corresponds  to  any  inter- 
ediate  moment  with  all  the  exactness  needful  in  the  present 
ate  of  scienca  But  since  each  variable  term  of  the  equation 
I  above  written  contains  two  unknown  quantities,  its  deter- 
LinatioQ  demands,  in  the  absence  of  other  data,  a  knowledge  of 
le  temperature  corresponding  to  two  difterent  hours  at  proper 
itervala. 

As  regards  the  degree  of  minuteness  with  which  it  is  desira- 
le  that  the  formula  should  represent  the  original  observations, 
bere  is  much  to  say  :  but  it  will  suffice  in  this  place  to  call  at- 
eotion  to  the  fact  that  the  mean  of  values  derived  from  a  life- 
Lme  of  observations  would  probably  be  inadequate  to  repre- 
ent  the  true  typical  value,  even  within  the  limits  of  appreciable 
aror.  Most  of  the  so-called  casual  influences,  which  so  greatly 
listarb  the  normal  values  that  the  result  of  a  single  year's 
)bservations  affords  but  a  6rst  approximation  to  the  fundamen- 
a1  law, — are  it  is  true,  themselves  subject  to  the  law  of  proba- 
bilities, and  are  eliminated  from  the  mean  of  the  observations 
made  during  a  large  number  of  successive  years.  But  in  gen- 
eral the  number  of  years  requisite  for  such  elimination  will  be 
Eu" greater  than  is  available;  so  that  any  minute  and  scrupu- 
lous attention  to  the  computation  of  quantities  smaller  than  the 
probable  error  of  the  data  is  misapplied,  and  even  absurd,  un- 
kassuch  quantities  are  demonstrably  constant  for  the  various 
individual  values  whose  mean  is  taken.  To  devote  punctilious 
ttteotion  to  hundreths  of  a  thermometric  degree  in  results  de- 
rived from  data  which  are  uncertain  by  ten  or  twenty  times 
that  amount  is  to  '* strain  out  a  gnat  and  swallow  a  camel." 
From  this  point  of  view,  also,  it  may  be  maintained  that  the 
last  terms  of  the  formula  might  be  advantageously  omitted. 

The  problem,  which  most  frequently  presents  itself  in  prac- 
tice, is  to  determine  with  sufficient  approximation  and  from  a 
.relatively  small  number  of  daily  observations,  the  most  charac- 
^teristic  points  of  the  curve  and  the  daily  mean.  This  is  easy  in 
•proportion  to  the  rapidity  of  convergence  of  the  formula;  and 
%t  degree  of  this  rapidity  affords  a  criterion  of  the  extent  to 
which  the  true  law  is  represented  by  the  earlier  terms.  If,  by 
I  few  terms  of  the  formula,  containing  no  more  than  six  or 
i^ht  constants  instead  of  twenty-four,  the  whole  series  of 
tonrly  temperatures  can  be  represented  within  the  limits  of 
lieir  probable  errors,  no  further  demonstration  is  requisite  to 
low  that  the  true  law  of  daily  variation  may  thereby  be  repre- 
fnted  to  an  equal  degree. 

/Uf.  JOOM.  8CL-~ThIRD  8EBIMB,  VOh.  XXIII,  No.  134.— FBBRUABTA^aa, 

8 


104  B,  A.  Gould — Algdyraic  Expression  of  the 

The  general  relations  between  the  curves  of  daily  variation  at 
different  places  happily  provide  a  means  of  deducing  very  ap- 
proximate values  of  the  constants  from  a  smaller  number  of 
daily  observations  than  would  otherwise  be  requisite.  Were  the 
true  moment  known  for  either  the  maximum,  or  the  minimam, 
or  the  true  value  of  the  daily  mean,  any  one  of  these  would  sap- 
ply  the  place  of  an  additional  daily  observation.  And  the  simple 
self-evident  fact  that,  in  the  absence  of  very  abnormal  topo- 
graphical conditions,  the  diurnal  curve  has  but  one  point  of 
contmry  flexure,  affords  yet  additional  facilities  for  attaining 
the  desired  end. 

The  most  important  term  of  the  formula,  for  various  reasona, 
is  the  constant  i/,  the  daily  mean  temperature,  which  may  be 
deduced  with  very  considerable  approximation  from  a  rela- 
tively small  number  of  observations.  Thus  in  the  mean  of 
two  values,  corresponding  to  moments  separated  by  an  interval 
of  half  the  day,  all  terms  containing  uneven  multiples  of  h  are 
eliminated,  so  that 

i(TA  +  TA+„)=M4-ft8in  (2A-f  B)  +  </8in  (4A  +  D)-f/8in  (6A+F) 

+  etc., 

while  from  the  half  difference  of  the  same  values  we  obtain  the 
total  amount  of  the  omitted  terms, 

i  (Ta— T4+„)=a  (sin  A  +  A) 4- r sin  {3A  +  C)  ^esin  {5A  +  E)  +  etc., 

a  value  which  the,  frequently  very  rapid,  convergence  of  the 
series  often  renders  extremely  useful. 

Thus  from  the  mean  of  three  equidistant  values,  all  terms 
are  eliminated  in  which  the  coeflBcient  of  h  is  not  divisible  bj 
8 ;  so  that 

i  (Ti  +  T*+8  +  T^»,) =M  +  c  sin  (3A  +  C)  4-/8in  (6A  +  F)  +  eta 

Similarly  the  mean  of  four  observations,  at  intervals  of  six 
hours,  gives  us 

i(TA4-T,+,  +  T^,,+T^,s)=M  +  </sin(4A  +  D)+etc., 

in  which  the  first  variable  term  is  generally  of  small    impo^  j 
tance,  and  the  remaining  two  absolutely  insignificant. 

And,  in  general,  all  those  terms  which  do  not  depend  upoii» 
multiples  of  nh  are  eliminated  from  the  mean  of  n  equidistaotil 
values  so  that  the  mean  of  observations  made  at  intervals otj 
three  hours  will  differ  from  the  daily  mean  only  by  the  amoai^^ 
of  the  eighth  term  of  the  general  formula:  and  that  dedu< 
from  two  hourly  observations  will  differ  from  it  only  by  Um 
twelfth  term.  How  small  the  coefficients  of  these  high  terms' 
really  are,  will  soon  be  seen. 
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From  considerations  analogous  to  the  foregoing,  we  may 
ily  perceive  wbat  is  the  amount  by  which  the  mean  of  deter- 
minations, made  at  any  given  hours  of  the  day,  will  differ  from 
the  true  daily  mean.  For  example,  if  there  be  three  daily  de- 
terminations at  the  hours  A+m,  A+n,  A+jd,  their  mean  will  be 

I  H+ajT^  sin  (A  -f  A  +  Q,)  +  bg^  sin  (2A  +  B  +  Q.)  +  cq^  sin  (3A  +  C  +  Q,) 

+  etc. 
in  which 

yj8inQj=i  (sinm  +  sinn  +  sinp)  ;  $',  sin  Qj=^(8in  2mH-8in2« 

-f  8in2/>) 

J,  cos  Q,=i  (cos  m  +  cos  n  +  coap) ;  q^  cos  Q,= J  (cos  2m  +  cos  2n 

+  cos  2p)  etc. 

Supposing  the  hours  of  observation  to  be  7**.  14**,  and  21^ 
as  we  have  arranged  them  for  this  country,  the  corresponding 
quantities  become 

q=0'l6ly  $',=0-667;  Q,=14\  Q,=  S^ 
^,=0-244,  ^,=0-311;  Q,=  16\  Q,=  10»» 
q^=0'S05,     5',=0-333;     Q,=  18\     Q,=  12»' etc. 

Were  the  hours  of  observation  the  somewhat  more  symmet- 
rica!, although  in  the  present  case  less  advantageous,  ones  7**, 
13^  and  2P,  we  should  have 

3',=0-173,  3',=0-577;  Q,=12»'  Q,=  6^ 
^,=0-333,  $'^=0-644;  Q,=  18»»  Q,=  12^ 
^,=0-745,     $'.=0-333;     Q=16*'-'77  Q.=  6^  ' 

The  small ness   of  the   coefficients  for   the  earlier  variable 
tprms  shows  how  near  is  the  approach  to  the  desired  value  of 
M.    In  fact  the  approximate  value  thus  obtained,  is  usually 
sufficient,  when  considered  in  connection  with  the  general  form 
(rf  the  diurnal  curve  (also  approximately   known),  to  afford 
valuable  aid  in  attaining  a  knowledge  of  the  principal  terms 
of  the  formula,  as  will  hereafter  be  seen. 
Let  us  now  consider  the  problem   in   the  form  in  which  it 
=  practically  offers  itself  for  those  places  in   the  Argentine  Re- 
:  public  at  which  we  have  been  able  to  secure  three  daily  obser- 
mions.     From  these  it   is    desired    to    infer  the  mean  daily 
carve  with  the  greatest  degree  of  approximation  which  tbey 
can  be  made  to  yield;    availing  ourselves  of   every  circum- 
stance which  can   help  to    bring   us  nearer  to  the  truth,  yet 
Ivoiding  illusory  results  which  although  derived  from  the  data 
Hay  have  no  foundation  in  the  true  law. 

There  are  but  three  points  in  all  the  national   territory  at 
rbich    more  than  three    daily    observations  have  been  made 


106  B,  A,  Gould — Algebraic  Expression  of  the 

during  a  sufficient  period  to  permit  the  form  of  the  dail 
curve  of  temperature  to  be  deduced  independently.  Tbee 
are  Buenos  Ayres,  where  there  were  but  two  additional  boor 
of  observation  ;  Bahia  Blanca,  where  the  diflFerent  hours,  thoogl 
comparatively  numerous,  were  at  diflFerent  dates ;  and  Cordoba 
where  the  series  of  hourly  observations  comprises  but  a  small 
number  of  years.  And  moreover,  those  hours,  which  it  has 
been  found  necessary  to  adopt  for  the  regular  observations 
made  for  this  office  in  the  various  parts  of  the  Argentine 
territory,  are  not  those  which  permit  an  exact  determination  of 
the  daily  mean,  even  so  far  as  the  accuracy  of  the  determina* 
ation  is  uninfluenced  by  the  third  variable  term  of  the  general 
formula. 

But  notwithstanding  these  adverse  circumstances,  there  are 
favorable  considerations  of  yet  more  importance.  In  the  fii* 
place,  the  configuration  of  the  country  is  such  as  to  make  it 
probable  that  throughout  the  vast  extent  of  the  pampa  regioni| 
at  least,  the  general  form  of  the  daily  curve  is  not  dissimilar; 
secondly,  we  have,  in  the  periodic  sine-formula  arranged  accord- 
ing to  multiples  of  the  time,  a  series  of  terms,  each  of  which  is  in- 
dependent of  the  rest,  and  susceptible  of  separate  investigation, 
being  in  fact  so  many  epicycles ;  thirdly,  the  mean  daily  curfe 
cannot  have  more  than  one  point  of  contrary  flexure  unless  the 
local  topographical  conditions  be  so  exceedingly  abnormal  thai 
the  investigation  of  the  daily  curve  would  have  no  general 
scientific  value;  and  in  addition  to  all  these,  the  curvature  in 
the  vicinity  of  the  maxima  and  minima  is  so  gentle  that  a  very 
considerjtble  error  as  to  the  moment  of  their  occurrence  is  prth 
ductive  of  but  comparatively  slight  influence  upon  the  forind 
the  computed  curve,  or  upon  other  values  which  are  determined 
through  their  agency. 

If  we  neglect  the  variable  terms  beyond  the  third,  we  shall 
have  from  the  mean  of  observations  made  at  any  of  our  sta- 
tions at  7  A.  M.,  2  p.  M.,  and  9  P.  M.  during  a  given  interval, 
the  three  equations 

(1)  T,=M  +  a8in(  7»»-fA)-f  ft  sin  (14*'  +  B)+csin  (21^  +  C) 

(2)  T,^=M  +  a8in(14^-fA)-fftsin(  4»'-f  B)+C8in  (18^+C) 

(3)  T,^  =  M4-«  sin  (21»^  +  A)  -f  ft  sin  (1 8»»  +  B)  +c sin  (15*»  -f  C) 

and  if  the  epochs  Hi,  H^,  of  maximum  and  minimum  together 
with  the  corresponding  temperatures  mj,  m„  were  known,  f* 
should  have  the  four  additional  equations 

(4)  0=a  cos  (H,  4-  A)  -f  2ft  cos  (2H ,  +  B)  -f  3c  cos  (SH^  +C) 

(5)  0=a  cos  (H,  -f  A)  +  2ft  cos  (2 H,  +  B)  +  3c  cos  (3 H, + C) 

(6)  m^-M=«sin  (lI,4-A)-f   ft8in(2H,  +  B)+   csin  (3H^+C) 

(7)  m,-M=a8in  (H^+A)4-   ft  sin  (2H,  +  B)+   csin  (3H,  +  C) 
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nd  by  the  seven  independent  equations  thus  available,  the  seven 
oknowD  quantities  which  they  contain  could  be  fully  deter- 
Qiined ;  so  that  the  form  of  the  daily  curve  would  be  absolutely 
:iiown.  excepting  so  far  as  it  might  be  affected  by  epicyclical 
erms  which  complete  their  period  in  six  hours  or  still  shorter 
tliqaoi  parts  of  a  day. 

Unfortunately  the  data  relative  to  the  extremes  are  only 

roughly,  even  when  at  all,  known ;  yet  the  condition  that  there 

shall  be  but  one*  contrary  flexure  in  the  curve,  together  with 

fche  possibility  of  inferring  a  very  approximate  value  for  M, 

from  the  observed  temperatures  at  7**,  14**,  and  21**,  provide  the 

means  of  remedying  these  deficiencies  to  a  considerable  extent; 

while  it  may  be  justifiable  to  assume  an  analogy  between  the 

form  of  the  curve  sought,  and  that  of  those  already  determined  * 

for  Bahia  Blanca,  Buenos  Ayres,  and  Cordoba,  to  an  extent  to 

diminish  still  further  the  probable  errors  of  the  determinations. 

Id  this  way  very  approximate  values  of  the  constants  of  the 

first  three  terms  may  frequently  be  obtained  ;  and  although  no 

one  would  maintain  that  an  absolute  representation  of  the  true 

daily  curve  could  thus  be  secured,  still   we  should  certainly 

obtain  a  curve  of  which  the  deviation  from  the  true  one  is 

▼ery  small,  and  which  intersects  it  in  six  nearly  equidistant 

points. 

The  first, ,  and  usually  the  most  troublesome,  process  to  be 

^NotwithstaDdiDg  indicatioos  of  secondary  maxima  and  minima  have  been  found 
IB  observations  made  at  sundry  places,  and  mentioned  by  Kamtz  and  Karsten,  while 
tbej  have  been  especially  discussed  by  Hellraann,  the  reality  of  the  phenomenon 
seems  by  no  means  proved.  The  most  conRpicr.ous  case  of  their  occurrence  is  at 
fit  Petersburg,  Id  the  new  series  of  observations  organized  by  Dr.  Wild  with 
sodi  care  that  he  thinks  the  error  of  a  single  determination  cannot  exceed  O'l 
{^Jknn^GtuT'  VerhaUnisse,  p.  29).  In  the  mean  of  the  six  years'  observations  of 
this  series,  minima,  other  than  those  which  he  accepts  as  the  true  ones,  occur  at 
•tout  3^  in  November,  21|^  in  December,  and  O^**  in  January.  Although  the 
amounts  of  the  abnormal  fluctuations  are  petty  in  themselves,  they  are  far  from 
being  miimportant  relatively.  Indeed  for  the  month  of  December,  for  which  the 
naximaii  mean  temperature,  as  given  by  the  observations,  is  7 ''86  at  13>>  45™, 
tod  the  minimum  8®*28  at  21  *»  42"",  Wild  adopts  as  the  true  minimum,  S^OS 
It  9^  0".  or  only  thirty-three  minutes  earlier  thaa  the  epoch  which  he  iiimself 
gires  for  the  mean  temperature  of  the  day. 

We  cannot  but  share  his  opinion  that  this  abnormal  fluctuation,  by  reason  of 
which  the  observed  temperature  remains  below  its  minimum  for  twelve  or  thir- 
teen hours  of  the  twenty-four,  is  to  be  ''considered  as  a  remainder  from  non-peri- 
odic perturbations,"  and  likely  to  disappear  from  the  meMii  of*  many  years' 
obe^rations.  This  is  made  probable  by  the  fact  that  the  twenty-two  years  of 
the  old  series  show  no  indications  of  such  a  phenomenon. 

The  real  existe  loe  of  any  secondary  maxima  and  minima  is  flatly  denied  by  Wild, 
snd  in  this  we  beiieve  him  to  be  correct.  But  in  accounting  for  their  apparent  occur- 
rence, he  says  that  it  is  either  simply  due  to  irregular  perturbations  not  equated 
Hit  or  generated  by  caleulatians  wUti  BesseVs  formula  (Tertip.  VtrhdUn.,  p.  103). 
Bad  he  said  "erroneously  inferred  from  inadequate  data,"  there  might  have 
»eeD  a  show  of  reason  in  his  statement.  But  it  ought  to  be  needless  to  mention 
hat  errors  can  only  be  produced  by  the  use  of  this  general  formula  in  the  same 
ray  in  which  they  can  be  caused  by  the  use  of  a  book  of  logarithms ;  namely 
y  its  misapplication. 
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effected  is  the  determination  of  a  sufficiently  accurate  valae 
M,  the  daily  mean.  When  we  know  the  epochs  of  maxima 
and  minimum  or  the  corresponding  temperatures  within  narrc 
limits  this  is  easy,  for  having  once  attained  moderately  corre 
values  for  M,  m^,  and  m,,  tentative  processes  will  soon  gaic 
us  to  congruous  values  of  all  three  which  will  accord  with  tli 
known  general  form  of  the  daily  curve.  This  can  be  coin 
pletely  accomplished  by  numerical  methods  only,  as  must  h 
the  case  with  every  process  of  the  sort  which  can  claim  U 
be  exact ;  but  as  is  also  commonly  the  case  it  may  be  greallj 
facilitated  by  graphical  methods. 

For  a  first  approximate  value  of  M,  the  mean  of  the  temper 
atures  observed  at  7**,  14**  and  21^  will  usually  suffice,  althougl 
it  is  always  too  high,  its  value  being 

M  4- 0-16  a  sin  (A -f  14*)  4-0-24  b  sin  (B4- 1 6*)  4-0-80  c  sin  (C4-18*) 

4-0-67  c? sin  (D  4- 8*) 

but  when  the  constants  of  either  the  first  or  second  variabh 
term  are  approximately  known,  a  much  closer  estimate  mayb< 
made  by  taking  in  the  former  case  J  (T74-2Ti44-T2i)  whid 
gives 

M  4- 0-37  a  sin  (A  4- 14*)  4- 0-07  5  sin  (B  4- 4*) -f  0-85  c  sin  (C  4- 18*) 

4- 0-72  <? sin  (D  4- 8*) 

or  in  the  latter  case  ^  (2T74-Ti4  4-2T2i)  which  gives 

M  4- 0-01  a  sin  (A  4- 2*)  4- 0-49  5  sin  (B  4- 16*)  4- 0-77  c  sin  (C  4- 18*) 

4- 0-60  <? sin  (D  4- 8*) 

and  substituting  the  numerical  values  of  the  known  constants 
In  practice  it  is  almost  always  possible  to  estimate  the  raagni 
tude  of  the  unknown  constants  with  sufficient  correctness  tt 
deduce  a  very  close  approximation  to  the  true  values. 

But,  in  the  absence  of  any  knowledge  of  the  constants,  a  ver3 
near  approach  to  the  true  daily  mean  may  be  generally  ob 
tained  for  this  country  from  the  combination  -^  (6T74-5Tj4-l 
6T21);  this  being  equal  to 

M4-0-lla8in(A4-14*)4-0-32^8in(B4-16*)4-0-79csin(C4-18*) 

4-0-65  c? sin  (D  4- 8*) 

■ 

and  the  relations  between  the  constants  of  the  different  term 
being  in  this  region  such  that  the  several  variable  terms  in  ihi 
formula  nearly  cancel  one  another. 

With  the  preliminary  value  of  M,  obtained  by  any  of  thea 
devices,  is  to  be  combined  the  approximate  time  H,  of  the  dwl 
maximum.  This  epoch,  as  also  that  of  the  minimum,  is  £ 
variable  on  account  of  the  large  effect  exerted  upon  it  by  di 
turbances  of  the  casual  class,  that  a  very  long  series  of  yea 
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rould  be  needful  for  determining  it  with  any  accuracy.  It  is 
Qrthermore  so  uncertain,  and  its  determination  so  insecure, 
^wiDg  to  the  great  extent  to  which  the  time  of  its  apparent 
)ccurrence  is  influenced  bv  the  inevitable  errors  of  observation, 
;bat  it  may  well  be  questioned  how  far  the  minutiae  of  calcula- 
tion can  advance  our  real  knowledge  regarding  it,  and  whether 
DQUch  time  has  not  been  uselessly  expended  in  attempts  to  fix 
with  precision  a  moment  which  is  in  its  nature  unprecise. 
But^  without  entering  upon  these  questions,  it  may  be  stated 
that  a  considerable  error  in  the  assumed  epoch  will  give  rise 
to  a  relatively  small  error  in  the  final  result.  Where  no  spe- 
cial means  of  formi;.g  an  estimate  can  be  made  useful,  it  may 
be  well  to  begin  with  the  supposition  that  the  highest  tempera- 
tare  occurs  at  2  P.  M.  dailv. 

If  we  disregard  the  third  variable  term  in  the  equation  (1)  to 
(4),  we  have  now  a  means  of  deterininini^,  first,  approximate  val- 
ues for  the  constants  a.  A,  6,  B;  and  from  these  a  correspond- 
ing curve,  which  must  necessarily  intersect  the  true  mean  daily 
curve  in  the  three  points  given  by  observation.  But,  unless  the 
assumed  values  of  both  M  and  H  have  been  very  near  the 
truth,  this  very  circumstance  will  cause  the  general  form  of  the 
computed  curve  to  be  markedly  discordant  from  that  of  the 
true  one,  already  approximately  known;  and  very  frequently 
it  will  be  found  that  double  curvatures  will  present  themselves 
as  the  only  geometrical  mode  of  satisfying  the  condition  that 
the  areas  above  and  below  the  medial  line  must  be  equal. 

A  second  computation  is  now  to  be  made  with  a  slight 
change  in  the  assumed  value  of  M,  which  a  little  tact  on  the 
part  of  the  computer  will  usually  enable  him  to  bring  nearer 
to  the  truth ;  but  should  a  third  be  found  needful,  it  will  be 
convenient  to  change  the  assumption  by  about  the  same  amount 
as  before,  to  permit  an  easy  use  of  the  rule  of  proportion.  It 
will  be  found  that  the  increase  or  diminution  of  the  values  of 
the  resultant  constants  depends  upon  the  value  assumed  for  M ; 
and  a  comparison  of  the  corresponding  curves  will  usually  per- 
mit its  true  value  to  be  fixed  within  extremely  narrow  limits. 

Adopting  for  M  the  value  thus  derived  from  the  first  assump- 
tion regarding  the  time  of  daily  maximum, — the  question  next 
arises,  to  what  extent  any  other  assumption  would  bring  the 
form  of  the  curve  into  nearer  analogy  with  any  known  one  at 
some  station  not  too  diverse  cither  in  its  geographical  or  its  to- 
pographical relations.     This  may  be  determined   in  a  similar 
way  by  varying  the  assumptions  until  a  satisfactory  result  is 
attained.     Should  the  previous  value  of  H  be  found  to  require 
my  considerable  modification,  the  determination  of  M  may  be 
evised,  although  any  change  in  this  would  be  due  to  the  influ- 
nce  of  terms  of  the  second  order. 
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It  is  manifest  that  the  trustworthiness  of  this  method  mosl 
depend  upon  a  convergence  of  the  successive  approximatiooB 
toward  one  and  only  one  value  of  each  of  the  desired  constantly 
M  and  H.  This  may  be  tested  whenever  desired  by  a  siroilir 
process,  employing  an  assumed  epoch  for  the  daily  miniroam; 
or,  what  amounts  essentially  to  the  same,  by  comparing  the 
epoch  resulting  from  the  determinations  already  made  with  ihn 
which  is  made  probable  by  other  considerations.  In  the  caae 
that  observations  of  the  minimum  temperature  exist,  these  will 
afford  a  more  delicate  criterion  than  those  of  the  maximum, 
since  the  epoch  of  minimum  is  during  most  of  the  year  fir 
more  distant  from  our  hour  of  morning  observation,  than  is  tint 
of  maximum  from  2  P.  M. 

Tt  has  been  already  stated  that  the  earlier  stages  of  the  com- 
putation can  be  greatly  facilitated  by  graphical  processes,  bat 
in  this  place  we  are  only  considering  the  regular  numerical  ^ 
routine  available  under  all  circumstances. 

I  append  three  exaniples,  to  illustrate  the  mode  of  compute 
tion.     These  are  selected  from  among  those  places  for  which 
hourly  observations    are   on    record,  because,  while   they  are 
markedly  diverse  in  their  geographical  relations,  they  also  be- 
long to  the  class  most  difficult  to  determine,  namely  that  for 
which  we  can  derive  no  indication  regarding  the  form  of  the 
diurnal  curve  from  a  knowledge  of  that  which  corresponds  to 
any  place  in  the  vicinity  or  even  similarly  situated.     Thus  we 
have  a  severe  test  of  the  degree  of  approximation  to  the  tree 
law  which  is  attainable  by  means  of  the  daily  observations  at 
7^  14**  and  21**,  without  any  other  data  whatsoever.     Thedi»» 
cor  dances,  between  the  hourly  temperature  thus  inferred  and 
those  derived  from  actual  observation,  represent  the  sum-total 
of  the  various  errors  due  to  inaccuracies  in  determining  the  con- 
stants, and  to  the  disregard  of  all  terms  of  the  general  formuliL 
beyond  that  which  depends  on  twice  the  tima     It  has  beea 
already  mentioned  that  in  practice  the  determinations  may  ba 
much  facilitated  by  the  use  of  graphical  methods  for  the  first 
approximations;  but  we  will  dispense  with  them  in  our  exam* 
pies,  and  likewise  with  the  various  indirect  processes  which  may 
often  be  advantageously  employed  ;  and  begin  in  each  case  by 
assuming  the  mean  of  the  three  daily  observations  for  the  finit 
approximation  to  the  true  daily  mean,  and  1^  for  the  hour  of 
maximum.     For  readily  perceiving  the  general   form  of  the 
curve,  a  rough  drawing  is  of  course  alwa^^s  desirable. 

'  1.  First,  let  us  take  the  observations  made  in  the  month  of  j 
January  during  five  successive  years  at  the  island  of  St  Heleni,  ] 
and  published  in  degrees  of  Reauniur's  scale  by  Dove  in  his' 
second  series.     Here  we  have  T,  =  13*05,  T,,=1602,  T„=13-74, 
the  mean  of  which  is  14*27. 
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Putting  this  mean  for  M  and  14**  for  H„  the  equations  (1)  to 
I)  give  0  =  1-09,  A=225°,  5=071,  B=41^  The  resultant 
orve  has  a  strongly  marked  secondary  minimum  at  21**  with 
t8  corresponding  maximum  at  about  1**,  showing  this  value  of 
tf  to  be  inadmissible. 

A  second  supposition,  M  =  1421,  gives  a=l'27,  A  =  227°, 
^=0-59,  B=44*^  and  this  curve  also  exhibits  a  contrary  flexure 
analog^>us  to  the  former  although  less  f»ronounced. 

A  third  supposition,  M  =  14 15,  gives  a=l-46,  A=229°, 
tr=0*47,  B=48*^,  and  since  in  this  curve  there  is  no  secondary 
maximum,  the  question  arises  as  to  the  value  of  M  between 
1421  and  14'15  tor  which  this  disappears.  It  will  quickly  be 
perceived  on  trial  that  this  value  is  very  near  to  14*18  for 
which  a=l-36,  A=228°,  6=0-58,  B=46°.  ' 

Inspecting  now  the  corresponding  curve  and  comparing  it 
with  straight  lines  drawn  to  connect  the  point  for  14**  with 
those  for  the  other  two  observations,  it  becomes  evident  at  a 
glance  that  the  hour  of  maximum  was  assumed  too  early,  and 
diat  a  better  assumption  would  have  been  14**  30°*.  This  latter 
giyes  the  equation 

T=14'18  + 1-385  sin  (A  +  224°  24')  4-0-508  sin  (2A  +  26**  41') 

There  is  in  this  curve  no  indication  of  any  failure  to  ful611 
all  the  conditions  of  our  problem  ;  and  in  the  total  absence  of 
other  data,  the  equation  may  be  regarded  as  a  sufficient  repre- 
sentation of  the  diurnal  curve.  Some  slightly  more  probable 
values  for  the  constants  might  be  obtained  by  new  trials, 
which  would  fix  better  limits  for  M  with  14**  30™  and  better 
limits  for  Hj  with  M=14*18;  inasmuch  as  each  of  these  de- 
terminations is  quite  close  enough  to  render  quantities  of  the 
second  order  negligible.  Nevertheless  any  such  additional  cal- 
culations would  imply  a  minuteness  scarcely  appropriate  to  the 
character  of  the  problem.  But  did  we  possess  any  one  of  the 
not  unfrequently  available  additional  data  which  are  afforded 
by  an  approximate  knowledge  of  the  time  or  value  of  the 
daily  maximum  or  minimum,  we  should  thus  be  enabled  to  fix 
the  constants  with  much  greater  precision  ;  while  a  knowledge 
of  all  of  them  would  permit  us  to  deduce  with  considerable 
accaracv  those  of  an  additional  term  in  the  formula. 

The  hourly  values  of  the  temperature  which  correspond  to 

the  curve  just  deduced  are  given  below,  side  by  side  with  those 

actually  observed.     The  grouping  of  the  algebraic  signs  in  the 

residuals,  and  the  relative  magnitude  of  these,  show  how  large 

is  that  part  of  them  due  to  the  omission  of  the  term  depending 

open  oA. 
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Temperature. 

a--c. 

Hour. 

Temperature. 

Hoar. 

Obnerved. 

Computed. 

13»' 

Obderved. 

Computed. 

Ik 

13*-36 

13'*-41 

—  0*^-05 

15"-85 

15''-79 

. 

2 

13-28 

13-36 

-008 

14 

16-02 

16-02 

3 

13-18 

13-25 

-007 

15 

15-97 

16-01 

- 

4 

13-15 

13-12 

+  0-03 

16 

15-90 

15-80 

. 

5 

1310 

13-00 

+  0-10 

17 

15-69 

15-42 

■i 

6 

1306 

12-96 

+  0  10 

18 

1513 

14-94 

H 

•7 

1305 

13-05 

000 

19 

14-48 

14-47 

-\ 

8 

13-26 

13-30 

-0-01 

20 

13-95 

14-04 

~ 

9 

13-68 

13-72 

-0-04 

21 

13-74 

13-74 

10 

14-26 

14-24 

+  002 

22 

13-61 

13-56 

■\ 

11 

14-83 

14-83 

0-00 

23 

13-62 

13-47 

^ 

12 

15-35 

15-38 

—  0-03 

24 

13-45 

13-44 

•\ 

So  far  as  it  can  be  deduced  from  the  hourly  observations 
true  formula  to  the  2**  variable  term  inclusive  (i.  e.  with 
constants)  is 

T=  14-20  +  1  -415  sin  (A  4-  223°  48')  +  0*500  sin  (2A  -f  20°  50 

and  the  true  daily  maximum  is  at  14^  38". 

2.  Let  us  next  consider  the  observations  made  at  Hr 
Town  in  Tasmania  during  the  month  of  January  in  eight 
cessive  years,  also  published  by  Dove  and  expressed  in  dec 
of  R6aumur.  Here  T,=:ll°-9a  Tu=17-29,  T2x=1207, 
mean  of  these  three  temperatures  being  13*75. 

Beginning  with  this  for  the  value  of  M  we  find  the  sec 
ary  maximum  to  be  very  pronounced;  and  assuming  su( 
sive  values,  inferior  to  this,  we  find  that  the  highest  w 
gives,  for  Hi"=14**,  a  line  without  contrary  flexure  is  13 
and  that  none  above  13°'40  fails  to  show  decided  indicatioi 
a  secondary  maximum  between  0**  and  4\  For  M  =  13°'4< 
have  a=8-22,  A=238''46,  6=0*68,  B=32°*56,  which  n 
sent  a  curve  with  rounded  and  flowing  outlines.  Yet  • 
this  not  only  exhibits  a  very  marked  want  of  symmetry 
tween  the  portions  above  and  below  the  medial  line,  but 
shows  in  other  ways  the  need  of  further  modification.  Fo 
stance,  its  minimum  occurs  before  2^  A.  M.,  or  more  than  t 
hours  before  sunrise,  which  is  totally  abnormal  for  the  lati 
42° ;  and  although  the  general  form  of  the  curve  near 
maximum, — which  is  fixed  within  comparatively  narrow  li 
by  the  three  fundamental  observations, — is  demonstrably 
of  rapid  rise  and  fall,  yet  that  portion  of  the  computed  e 
which  corresponds  to  the  night  hours  is  abnormally 
These  considerations  agree  in  indicating  that  the  true  vali 
M  is  still  smaller. 

If  we  assume  M=13°-35  we  have  a  =  337,  A =239° 
J=0*o9,  B=39^  12'  these  representing  a  curve  which  mani 
the  same  peculiarity  of  a  too  early  minimum.     But  by  v 
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og  the  epoch  of  the  maximum,  it  becomes  evident  that  the 
issumption  of  an  earlier  maximum  will  remedy  this  defect, — 
Bind  chiefly  by  increasing  the  importance  and  modifying  the 
epoch  of  the  second  variable  term.  Thus  putting  Hi=13^  44™ 
we  find 

a=3'369,  A=240**  42',  5=0'61,  B=53°  57'  and  the  minimum  at 

3»> 


36"^; 


while  for  Hi=13»»  36"*  we  find 

a=3-368,  A=240°  56',  5=0-63,  B=64°  46'  and  the  minimum  at 

3*'  56"^. 


r, 


Plotting  these  curves  we  select  the  latfer  as  possessing  the  more 
robahle  form  of  the  two;  thus  giving,  together  with  an  ubso- 
ute  representation  of  the  three  funaamental  observations,  a 
curve  of  which  the  general  form  is  norniHl  and  the  epoch  of 
minimum  not  improbable.  These  two  conditions  cease  to  exist 
when  the  asf^med  values  of  M  and  Hj  are  much  changed,  and 
they  fulfill  approximately  the  function  of  that  additional  obser- 
vation which  would  permit  the  constants  to  be  rigorously  de- 
termined. 

Referring  now  to  the  series  of  hourly  observations,  we  find 
these  to  be  as  given  below.  At  their  side  are  the  temperatures 
which  correspond  to  our  approximate  formula  ;  and  a  glance  at 
the  column  0'— C  suffices  to  show  how  largely  the  residuals  are 
due  to  the  neglected  term  depending  upon  3A. 


Trmpermtare. 

Temperature. 

Hour. 

Qr—C. 

Honr. 

0-— c. 

Obsenred. 

Compnted. 

Observed. 

Computed. 

1^ 

10''-79 

10''-41 

+  0"-38 

U^ 

W-20 

17'-26 

-o'^-os 

2 

10-49 

10-23 

+  0-26 

14 

17-29 

17-29 

0-00 

3 

10-29 

10-18 

+  011 

15 

16-98 

1696 

1-002 

4 

1018 

10-27 

-009 

16 

lG-58 

16.33 

+  0  25 

5 

10-05 

10-68 

-0-63 

17 

1595 

15-50 

+  0-45 

6 

10-76 

1112 

-0-36 

18 

14-76 

14-56 

+  0-20 

7 

11-90 

11-90 

000 

19 

13-51 

13-64 

-0-13 

8 

1311 

12-89 

+  0-22 

20 

12-56 

12-79 

-0-23 

9 

14-26 

13-99 

+  0-27 

21 

1207 

1207 

0-00 

10 

15-30 

15-10 

+  0-20 

22 

11-67 

11-50 

+  0-17 

11 

16-13 

16-09 

+  0-04 

23 

11-33 

11-03 

+  0-30 

11 

16-89 

16-84 

+  0-05 

24 

11  04 

10-68 

+  0-36 

The  true  formula  as  deduced  from  the  hourly  observations  is 

T=:13-38  + 3-536  sin  (^+,239°  33')  4-0-645  sin  (2A4-66**  1') +0-365 

sin  (3A  +  34°  31') 

the  corresponding  maximum  occurring  at  13**  31",  and  the 
minimum  at  3**  26™.  The  mean  error  of  the  approximate  form- 
ula is  +0°-25. 
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8.  As  a  third  and  last  example  we  will  take  the  import 
series  of  observations  made  at  Upsala  in  Sweden  dunng  i 
ten  years  1869-1879,  and  consider  the  mean  diurnal  variati 
during  the  entire  year. 

Here  the  three  observations  are  T^=3*25,  Ti4=7*48,  Tg 
4*07,  in  degrees  of  the  centigrade  scale.  Using  for  M  t 
mean  of  these  three  temperatures  we  have  a  secondary  ma: 
mum  in  the  curve ;  and  decreasing  the  assumed  daily  me 
until  the  tendency  to  abnormal  flexure  disappears,  we  forthe 
more  perceive  that  the  epoch  of  maximum  is  probably  lat 
than  14**. 

Supposing  then  this  epoch  to  be  14**  36",  we  find  for  M=4*7 
a=2.29,  A=228^  ft-0-52,  B=20°,  with  an  evident  tendem 
to  a  secondary  maximum  and  a  very  flattened  curve  for  il: 
night-hours.  Even  for  M=4*66  the  same  characteristics  ai 
recognizable.  But  for  M=4'60,  for  which  the  curve  appeal 
satisfactory  in  all  other  respects,  we  find  the  improbable  epoc 
2h  42"»  for  the  minimum. 

It  is  furthermore  readily  seen  that  either  an  increased  vain 
of  M,  or  an  earlier  value  of  H,  will  give  a  later  epoch  of  min 
mum.     Thus  we  have  for 

M=4-65  Hi  =  14»'36™  a=2-45  A  =  228"  65'  6=0*43  B=18M7'  H,=3»'24 

4*60  14  36  2*60  229  43  0*33  1*7   1  2  4! 

4*60  14  24  2*60  230  41  0*32  31  28  3  Ij 

4-60  14  12  2-58  231  34  033  45  19  3  2^ 

4-68  14  24  2  66  230  56  0*28  32  40  3  21 

Plotting  these  curves,  it  is  clear  that  either  of  the  last  thre 
will  give  satisfactory  results,  although  the  general  form  of  th 
last  but  one  seems  the  more  probable. 

Comparing  the  observed  values  with  those  deduced  from  th; 
system  of  constants,  we  find 


Temperature. 

Temperature. 

Hoar. 

(r— C. 

Hour. 

(r— C. 

ObBerved. 

Computed. 

Observed. 

Computed. 

Ih 

2°-65 

2*'-55 

o'-oo 

13»> 

7°-28 

7''-29 

-o'-o 

2 

2-30 

2-36 

-0-06 

14 

7-48 

7-43 

0-00 

3 

210 

2-27 

-0-17 

15 

7-45 

7-41 

+  0-04 

4 

202 

2-28 

-0-26 

16 

7-20 

7-08 

+  0-12 

5 

219 

2-43 

-0-24 

17 

6-78 

6-59 

+  0-19 

6 

2-60 

2-75 

-015 

18 

615       ,      6-97 

+  0-18 

7 

3-25 

3-25 

000 

19 

6-46             5-31 

+  0-15 

8 

401 

3-90 

+  011 

20 

475             4-66 

+  0-08 

9 

4-84 

4-65 

+  019 

21 

407             407 

O-M 

10 

5-64 

5-47 

+  017 

22       ^ 

3-54 

3-57 

-0-0; 

11 

6-36 

6-23 

+  0-13 

23 

313 

316 

-0-0! 

12 

6-91 

6-80 

+  0-05 

24 

2-82             2-82 

OW 

The  true  value  of  M,  as  determined  by  the  hourly  observ 
tions,  is  4*62,  the  maximum  being  at  14**  iO™  and  the  minima 
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gb  22™.  The  mean  discordance  0— C.  deduced  from  the 
ole  of  comparison  is  db0°'13  which  would  be  reduced  to 
lO^-lO  by  adding  a  third  term,  0°10  sin  (3*»+46^). 
These  examples  will  show  how  by  a  rough  use  of  tentative 
recesses  a  tolerable  approximation  to  the  true  form  of  the 
iurnal  curve  may  be  obtained  from  observations  made  three 
imes  daily.  The  labor,  though  often  considerable,  is  by  no 
neans  so  great  in  actual  practice  as  might  be  inferred  from  the 
ietailed  description.  A  very  little  experience  and  tact  are  sufl&- 
jient  to  indicate  to  the  computer  those  hypothetical  values 
ffhich  will  guide  him  most  readily  to  the  desired  end,  this  be- 
ing the  recognition  of  those  limits  for  the  unknown  quantities 
ffithin  which  they  are  not  contraindicated  and  the  selection  of 
I  probable  curve  within  these,  generally  narrow,  limits. 

I  do  not  fear  that  any  unbiased  person  will  misapprehend 
the  claims  here  made  in  behalf  of  this  mode  of  inquiry.  It  is 
rf  course  only  approximate  ;  but  in  regions  where  the  climatic 
relations  have  previously  been  unknown,  it  is  certainly  of 
high  importance  to  obtain,  from  such  data  as  may  be  accessible, 
determinations  which  are  demonstrably  not  far  from  the  truth  ; 
even  though  they  may  be  destitute  of  that  exactness  which 
can  only  be  obtained  from  the  mean  of  many  daily  observa- 
tions through  an  extended  series  of  years. 

But  so  soon  as  we  are  in  possession  of  knowledge  of  other 
fundamental  data  to  be  combined  with  the  three  daily  observa- 
tions,— when  for  example  we  may  infer  from  analogy  the  prob- 
able form  of  the  true  daily  curve,  or  know  the  epoch  or  the 
temperature  for  the  maximum  or  minimum,  within  moderate 
imiis, — we  may  not  only  infer  with  confidence  the  constants  of 
he  second  term,  but  may  often  deduce  very  fair  values  for  the 
hird. 

Under  ordinary  circumstances  this  is  not  difficult,  and  it  may 
herefore  be  well  to  consider  the  present  state  of  our  knowledge 
^rding  the  epochs  of  daily  maximum  and  minimum.  We 
^ill  endeavor  to  avoid  misplaced  refinements  of  calculation, 
ince  attempts  at  minuteness  in  determining  these  epochs  are 
or  the  most  part  justified  neither  by  the  nature  of  the  phe- 
lomenon  nor  by  the  character  of  the  observations ;  but  will 
ake  into  consideration  only  the  unmistakable  fact  of  the  casa 

The  fact  that  the  epochs  of  the  daily  extremes  are  to  a  high 
egree  vague  and  uncertain  cannot  escape  the  most  inattentive 
baerver.  It  is  of  course  the  duty  of  the  meteorologist  to  fix 
leir  typical  values  and  the  limits  of  their  normal  variation 
ith  such  degree  of  precision  as  the  nature  of  the  case  per- 
its;  still  all  endeavors  must  prove  vain  which  aim  at  deter- 
ining  them  with  the  minuteness  which  belongs  to  the  epoch 
her  of  a  sharply  defined  or  of  a  tolerably  regular  phenome- 
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noD.  Cases  are  by  no  means  infrequent  in  which  the  highej 
temperature  of  the  day  occurs  as  early  as  8  A.  M.,  or  as  late  a 
8  P.  M.  Sudden  changes  of  wind,  or  in  the  amount  of  cloud 
ness  exert  so  great  an  influence  that  great  care  is  often  needfu 
for  obtaining  values  for  the  epochs  which  shall  be  even  approx 
imately  near  to  the  normal  ones.  And  allusion  has  alread; 
been  made  to  the  very  great  length  of  the  period  which  wouli 
be  requisite  for  determining  these  values  with  any  precision 
Two  successive  periods  of  ten  years  each  might  easily  giv 
average  times  for  the  daily  maximum,  differing  by  mam 
minutes,  whether  the  interval  considered  be  one  of  5,  7,  iO,  or  3( 
days,  or  the  entire  year.  The  next  following  would,  in  its  turn 
generally  differ  from  both  the  previous  ones  ;  indeed  the  dura 
tion  of  the  observations  needed  for  obtaining  a  value,  whicl 
should  be  essentially  unchangeable  by  their  longer  continuance 
is  such  that  it  has  certainly  been  obtained  for  few,  if  indeed 
for  any,  places  on  the  earth's  surface.  This  certainly  does  no) 
absolve  us  from  the  duty  of  investigating  and  rem^ying  the 
sources  of  constant  errors  which  would  not  probably  disappeai 
from  the  mean  of  a  larger  number  of  observations  ;  but  none 
the  less  is  it  futile  to  attempt  to  fix  the  epochs  within  limits 
which  nature  has  not  prescribed.  To  these  considerations  is  tc 
be  added  the  independent  one  that,  in  many  places,  the  diurnal 
curve  of  temperature  varies  so  slightly  at  certain  seasons  in 
the  vicinity  of  its  extremes  that  a  point  of  maximum  or  min 
imum  value  has  scarcely  more  than  a  theoretical  existence 
so  that  small,  and  often  inevitable,  errors  of  observation  wouW 
suffice  to  change  the  epochs  by  an  amount  relatively  very  large 

If  determinations  of  the  average  times  of  the  epochs  are  to  be 
made  within  narrow  limits  of  error  and  in  such  a  way  as  to  be 
serviceable  for  scientific  ends,  they  must  either  be  separatelj 
investigated  for  clear  weather  and  cloudy,  high  barometer  anc 
low,  north  wind  and  south,  dry  air  and  moist,  hot  days  and  cool 
ones, — or  else,  what  is  far  less  practicable,  observations  must  be 
employed  which  extend  over  a  period  sufficiently  long  fortbe 
effects  of  all  such  varying  conditions  to  be  eliminated  from 
their  mean  results.  Moreover,  exact  values,  even  though  at- 
tainable, would  contribute  comparatively  little  to  the  progress 
of  discovery,  unless  accompanied  by  determinations  of  the  ex- 
tent of  their  normal  variation,  and  of  the  amount  to  which 
they  are  modified  by  influences  analogous  to  those  just  men- 
tioned. 

The  distinguished  physicist,  to  whose  criticisms  and  strong 
denunciations  of  the  employment  of  the  general  mathematical 
formula  we  have  alluded,  has  repeatedly  asserted  that  errors  it 
the  times  of  daily  maximum  and  minimum  are  produced  b] 
the  employment  of  Be>sers  formula;  and  that  this  places  tb 


Diurnal  Variation  of  Temperature.  117 

lima  too  early.  Indeed  be  attempts  to  demonstrate  these 
jposed  facts  by  numerical  illustrations  derive*!  from  obser- 
;ion8  made  at  Katharinenburg  in  April  for  18  years,  and  at 
lis  in  May  for  10  years.  The  deserved  influence  of  Dr.  Wild 
all  that  relates  to  meteorological  investigation  gives  to  his 
inion  and  counsel  an  importance  which  calls  for  a  careful 
jproof  of  his  mistakes  in  this  respect,  lest  the  progress  of  re- 
wrch  be  seriously  impeded  by  the  proposed  disregard  of  alge- 
aic  generalization. 

That  a  general  mathematical  formula,  which  absolutely  rep- 
sents  all  the  fundamental  observations,  mustaftbrd  more  cor- 
ct  results  than  can  be  obtained  from  the  same  observations 

any  other  way,  would  seem  too  nearly  a  truism  to  require 
ention.  If  graphical  determinations,  based  on  the  same  data 
;  the  numerical  ones,  ditier  from  these,  they  must  be  errone- 
is;  yet  it  is  asserted  (Temp.  Verbal tn,  p.  61)  that  even  with 
i  terms  of  the  formula  (24  constants)  the  epoch  of  mini- 
lam  for  Tiflis  as  deduced  from  hourly  mean  temperatures,  is 
ot  correctly  given.  It  may  be  admitted  that  Dr.  Wild's  tabu- 
jr  view  might  at  the  first  glance  suggest  such  interpretation  ; 
ad,  furthermore,  conceded  that  the  small  numerical  errors,* 
hich  have  apparently  given  him  the  impression  that  the  for- 
lula  failed  to  represent  the  observations,  do  not  essentially  af- 
Kt  the  gradual  advance  of  the  epoch  of  minimum,  as  the  sev- 
ral  terms  of  the  formula  are  successively  incorporated  in  the 
omputation.  In  this  particular  case  it  would  appear  that 
early  the  whole  twelve  terms  are  requisite  for  giving  the  cor- 
ed epoch  of  mean  minimum ;  if  so,  we  must  of  course  accept  the 
ict,  and  investigate  the  influences  to  which  it  is  due.  These 
e  cannot  but  believe  to  be  exceptional,  and  to  arise  either 
t)m  local  peculiarities  or  errors  of  observation,  —  aggravated 
erhaps  by  the  employment  of  an  inadequate  number  of  years. 

Well  founded  exceptions  might  be  taken  to  the  way  in 
hich  these  results  have  been  obtained,  since  they  are  not  de- 
iced  from  the  pure  observations,  but  from  data  which  have 
jen  modified  by  an  empirical  correction,  for  the  purpose  of 
iminating  the  so-called  influence  of  annual  variation.  The 
lurse  pursued  has  been  practically  equivalent  to  dividing  the 
fference  of  the  normal  mean  temperature  for  the  first  and  last 
ys  of  the  month  by  the  number  of  intermediate  hours;  and 
en  by  means  of  the  hourly  difference,  thus  obtained,  modify- 
7  twenty-three  out  of  the  twenty-four  daily  observations  in 
Jer  to  rdfer  them  to  the  epoch  of  the  remaining  one  by  apply- 
r  the  supposed  amount  oif  annual  variation  during  the  inter- 
L     The  various  statistical  t.nbuIations  of  the  daily,  monthly. 

These,  although  iusigDifioant  in  themselves,  are  in  fact  sufficient  to  chang:e  the 
espoDding  epoch  of  maximum  by  thirteen  minutes,  or  from  14*'  15°  to  14*» 
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and  yearly  results  are  thus  made  numerically  accordant;  bat 
at  a  sacrifice  of  real  accuracy.  The  corrections  thus  applied 
have  the  effect  of  belatening  the  minimum  in  the  spring  half  of 
the  year  and  anticipating  it  in  autumn.  For  it  cannot  seri- 
ously be  maintained  that  the  influence  of  an  increase  or  de- 
crease of  the  sun's  declination  continues  through  the  night* 
hours  as  through  the  day.  This  influence  is  necessarily  inter- 
mittent ;  in  dealing  with  annual  variations,  wo  cannot  usehoaw 
as  the  independent  variables;  although  here  also  the  numerical 
changes  are  small,  and  although  their  influence  disappears  from 
the  daily  means  and  from  determinations  based  upon  them,  yet 
whatever  effect  they  may  have  goes  to  produce  distortion  and  ' 
error  in  the  resultant  curve  of  diurnal  variation.  In  this  very 
case  of  May  at  Tiflis,  the  observations  themselves  give  4**  47"'$  ' 
for  the  mean  epoch  of  minimum,  instead  of  ^  50°**5,  which 
results  after  they  have  been  modified  by  this  reduction  for  an- 
nual variation,  or  of  S*'  0""  as  deduced  graphically  by  Dr.  Wild 
This  modification  has  a  still  greater  effect  upon  the  timeo{ 
mean  maximum,  for  it  changes  this  epoch  from  its  true  value 
14^  18°»-8  to  14^  28°^  or  to  14^  32"^  if  we  accept  the  graphical 
result. 

But,  leaving  this  relatively  unimportant  question,  the  moei 
striking  fact  to  be  noted  in  the  example  now  considered  is  that 
the  form  of  the  diurnal  curve,  in  the  vicinity  of  its  maximum, 
is  such  that,  while  the  minimum  temperature — 4°*60,  as  given 
by  only  three  variable  terms,  corresponds  to  an  epoch  4**  17°'4, 
yet  the  analogous  value — 4°"76,  deduced  from  the  full  series  of 
twelve  terms,  and  only  0° '16  lower,  corresponds  to  the  epoch 
4*"  SO'^'S,  more  than  half  an  hour  later.  That  obtained  graph- 
ically and  given  as  the  correct  one  by  Dr.  Wild,  is,  as  above 
mentioned,  5*"  0°*. 

The  accomplished  physicist,  whose  views  we  reluctantly  op- 
pose, maintains  that  his  method  gives  the  epoch  with  accuracy 
to  within  2°*.  With  reference  to  this  we  will  only  remark  that 
careful  trials,  plotting  the  observations  with  the  utmost  care 
upon  the  scale  employed  by  Dr.  Wild,  show  that  the  graphical, 
method  could  give  any  value  from  4^  48°"  to  b^  12°*  according, 
to  the  taste  or  fancy  of  the  draughtsman.  Tracing  the  curve 
as  it  results  from  the  formula,  its  true  form  may  be  recognized. 
If  graphical  processes  are  to  be  trusted  in  such  cases,  thej 
must  be  based  upon  more  frequent  observations  : — half-hourly/ 
at  least,  in  case  the  result  is  to  represent  the  actual  mean  epoch 
within  eight  or  ten  minutes.  How  inordinately  the  resultant 
epoch  would  be  affected  by  the,  certainly  not  improbable,  error 
of  a  few  hundredths  of  a  degree  in  the  mean  observed  tempem- 
ture,  either  for  4^  or  for  5^,  is  manifest.  It  may  not  be  ami* 
to  add  that  the  mean  discordance  between  the   observed  and 
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Iculated  temperatures,  using  only  three  variable  terms  of  the 
rmula,  is  less  than  the  tenth  of  a  degree.  Usingjfive  variable 
rms,  it  is  less  than  four  hundredths  of  a  degree. 
In  case  the  preceding  month,  April,  had  been  selected  for 
ae illustration  instead  of  this  exceptional  one  of  May,  we  should 
lave  found  the  time  of  minimum  when  obtained  by  the  use  of 
mly  six  variable  termjs  to  be  one  minute  later  than  if  deduced 
rom  the  complete  series. 

Or  if  the  next  following  month,  June,  had  been  taken,  the 
formula  with  only  five  variable  terms  would  have  given  the 
epoch  of  minimum  not  only  within  a  single  minute  of  that 
resulting  from  the  full  series,  but  also  later  than  any  of  those 
resulting  from  the  successive  incorporation  of  the  four  following 
terms. 

When  we  examine  the  results  obtained  for  Katharinenburg, 
the  case  is  analogous,  but  even  more  favorable  for  illustrating 
the  facts  to  which  we  call  attention.  Here  the  formula  with 
btti  five  variable  terms  represents  the  observations  with  such 
completeness  that  the  mean  discoidance  amounts  to  only  0°"02. 
With  eight  variable  terms  the  discordance  does  not  exceed  one 
one-hundredth  of  a  degree  at  any  hour  from  2  to  7  A.  M. ;  and 
the  same  minute  results  for  the  epoch  of  minimum  as  when 
the  complete  formula  is  used.  Indeed,  with  only  six  variable 
terms,  the  diflference  does  not  exceed  five  minutes.  The  value 
obtained  graphically  by  Dr.  Wild  is  five  minutes  later  than 
that  which  results  from  the  formula  using  the  same  data;  and 
careful  trials,  employing  the  scale  used  by  him,  have  convinced 
me  that  curves  may  be  so  drawn  as  to  seem  equally  plausible, 
while  their  times  of  minima  vary  by  some  fifteen  minutes. 
The  experiment  can  easily  be  tried  by  any  one  for  him- 
self; and  it  will  be  found  that  the  errors,  inevitably  committed 
in  the  plotting  and  reading  off,  are  far  less  than  those  resulting 
from  tne  sketching  of  the  curve. 

The  extreme  variability  and  uncertainty  of  these  mean  epochs 
of  diurnal  maxima  and  minima  find  an  excellent  illustration 
in  the  values  corresponding  to  successive  years  in  the  admira- 
ble series  of  hourly  observations  made  at  Upsala  under  the 
direction  of  Dr.  Hildebrandson.  During  the  eight  years  1869- 
1876,  the  mean  epoch  of  daily  minimum,  as  deduced  from  all 
the  observations  of  the  year,  fluctuated  between  the  limits  3** 
S2»  and  4*^  12°*,  and  that  of  maximum  from  13^  51"",  to  14*^ 
12".  Dr.  Wild  himself  ackow ledges  that  the  mean  epoch  of 
Jaily  minimum  as  deduced  from  a  whole  year's  observations 
Fas  "tolerably  constant,"  when  it  varied  bv  50°*  during  the 
ears  from  1857  to  1862.  [Temp.  Verb.,  p.  54]. 
It  has  already  been  stated  that  in  the  trials  for  obtaining  the 
lily  mean,  the  time  of  maximum  may,  in  the  absence  of  any 
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knowledge,  be  at  first  advantageously  assumed  as  2  P.  M.;  and 
also  show  how  a  rough  approximate  knowledge  of  the  epochj 
may  be  made  to  contribute  essentially  to  that  of  the  formula. 

To  aid  the  attainment  of  this  let  us  consider  the  facts  at  our 
disposal  regarding  the  values  of  these  epochs  in  general. 

Very  extensive  materials  are  available  for  this  purpose,  but 
it  is  safer  to  restrict  ourselves  to  a  limited  number  of  points 
for  which  the  observations  have  been  scrutinized,  and  the  in- 
ferences deduced,  with  special  care,  than  to  base  our  researches 
upon  a  larger  number  of  less  trustworthy  results.  For  these 
reasons  the  values  adopted  by  Dr.  Wild  in  the  work  already 
cited,  have  generally  been  preferred  to  others  ;  and  those  for  a 
number  of  places,  such  as  Upsala,  Berne,  Leipzig,  Greenwich, 
St  Helena,  Lisbon,  have  been  specially  determined  here.  All 
depend  upon  hourly  observations,  with  the  single  exception 
of  Schwerin;  but  at  Santiago  de  Chile,  and  Valparaiso,  the 
observations  were  made  during  only  a  few  days  in  each  month, 
in  different  years.  At  Santiago  the  total  number  of  days' of 
observation  was  130,  at  Valparaiso,  60.  To  facilitate  the  ex- 
amination of  the  results  here  given,  and  the  deduction  of 
analogous  ones  for  other  places,  it  may  be  convenient  for  those 
who  are  not  astronomers,  to  have  ready  access  to  general 
tables  of  the  equation  of  time,  the  sun's  declination,  and  the 
times  of  sunrise  and  sunset  in  different  latitudea  Those  which 
follow*  represent  the  mean  values ;  and  although  not  strictly 
accurate  in  every  year,  they  may  be  used  without  hesitation  for 
meteorological  purposes.  The  equation  of  time  as  here  given 
is  to  be  applied  to  the  mean  time,  to  obtain  the  apparent;  or 
with  reversed  sign  to  the  apparent  if  the  mean  is  desired. 

The  first  of  these  tables  gives  the  mean  values  for  each 
decade  during  the  year,  corresponding  to  our  arrangement 
according  to  which  all  the  days  subsequent  to  the  20th  of  each 
month  are  made  to  form  the  third  decade.  The  second  table« 
gives  the  apparent  time  of  sunrise  if  the  latitude  be  North, 
and  of  sunset  if  it  be  South,  for  the  middle  of  each  month. 

Our  data  relative  to  the  mean  epochs  of  the  diurnal  ex- 
tremes are  deduced  from  the  observations  in  each  month 
separately  during  the  period  considered,  and  also  from  the 
annual  means;  the  number  of  years  of  observation  employed 
being  mentioned  in  each  case.  The  values  are  given  in  ap- 
parent time;  those  of  the  observed  maxima  being  counted 
from  apparent  noon,  and  those  of  the  minima  being  given  by 
the  number  of  minutes  before  sunrise,  for  which  moment  the 
arrival  of  the  sun's  center  at  the  horizon  is  used,  without  any 
correction  for  refraction. 

♦  Tlie  tables  mentioned  are  given  in   llio  original  Jiriicle,  but  are  uecessarilj 
omitted  hero.— Ens. 
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Jata  thus  collected  afford  some  opportunity  for  general- 
;  but  this  we  reserve  for  some  future  occasion ;  simply 
attention  to  the  relatively  small  extent  of  deviation  of 
rage  epoch  of  maximum  from  2  P.  M.,  and  to  the  large 
L  by  which  the  average  times  of  minimum,  as  deduced 
e  whole  number  of  observations,  differ  from  the  mean  of 
educed  for  the  several  months.  The  general  tendency  of 
jrval,  between  the  minima  and  true  sunrise,  to  increase 
iC  latitude  is  also  readily  perceptible.  This  is  of  course 
the  sun's  near  approach  to  the  horizon  long  before  its 
irrival  there. 

•ing  a  rough  test  both  of  the  average  epoch  of  max- 
as  deduced  from  a  short  period  of  observation,  and  of 
inary  extent  of  variation,  I  wrote  in  April,  1880,  to 
of  the  gentlemen,  at  different  places,  to  whom  we  are 
d  for  our  meteorological  observations,  asking  them  to 
e  temperature  half-hourly  for  a  period  of  some  hours 
should  include  the  epochs  of  maximum  during  ten  or 
successive  days. 

e  observations  referred  to  apparent  time  give  the  fol- 
results: 


ICC. 


nca 

ires  _  _  - 
odeAreco 

nandarias 


Approz.Lat. 

Period. 

38'*  45' 

May  12-23 

34     16 
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column  entitled  "Uncertainty  of  Determination,'' con- 
e  sum  of  the  various  estimated  possible  errors  in  plot- 
5  observations,  drawing  the  curves,  and  reading  of  the 
The  limits  of  probable,  or  possible,  errors  of  the  last 
>ses  depend  T)f  course,  principally,  upon  the  form  of  the 
^elf.  The  column  entitled  "Variation,"  contains  the 
ce  between  the  extreme  values  on  different  days  during 
tinuance  of  the  series, 
ill   be  seen  that  these  results  confirm  our  previous  infer- 

the  later  terms  of  the  formula  should  become  more  im- 

in  high  latitudes  during  the  winter  season  is  a  manifest 

lence  of  the  inequality  of  the  two  portions  into  which 

limum  divides  the  interval  between  the  normal  epochs 

imum.     When  sunrise  occurs  so  early  as  to  render  this 
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inequality    comparatively    slight,  the  first  variable  terra,  the 
period  of    which  is  twelve    hours,  acquires  an  overwhelming 
significance;  and  the  residuals  which  it  leaves  are  disposed  of  , 
with  comparative  ease  by  the  other  terms  of  long  period.    But  ! 
when  the  sun   rises  later  the  reverse  must  be  the  case.    By.j 
means  of  the  data  above  collected,  provisional  assumptions  o{ 
the  form  of   the  diurnal  curve  mav  often    be  so  made  as  to 
afford  important  assistance  in  deducing  its  true  form,  with  great 
approximation,  from  a  small  number  of  observations. 

On  the  other  hand,  no  argument  is  needed  to  show  how  un- 
justifiable is  that  frequent  misuse  of  the  general  formula  bjr 
which  the  values  deduced  for  certain  terms  from  observations 
made  during  the  day  time  or  at  inadequate  intervals,  are  em- 
ployed to  represent  the  nocturnal  portion  of  the  curve.  In- 
deed it  is  usually  the  most  important  terms  which  are  thus 
least  accurately  determined.  Bi-hourly  observations  will  give 
the  constants  as  far  as  the  6th  term  ;  hourly  ones,  will  give 
them  as  far  as  the  12th ;  but  these  same  arguments,  which  call 
for  hourly  observations  for  accurate  determination  of  the 
epochs,  apply  with  equal  force  to  semi-hourly  ones,  for  a  more 
exact  determination  still.  How  far  the  game  is  worth  the 
candle,  is  an  entirely  distinct  question. 

Summing  up  the  several  conclusions  at  which  we  have  ar- 
rived we  find  as  follows: 

1.  The  formula,  depending  upon  the  sines  and  cosines  of 
multiples  of  the  time  since  an  arbitrary  epoch,  is  a  very  simple, 
— probably  the  simplest, — form  of  expressing  the  law,  of  a 
cyclical  variation  of  this  class.  It  is  not  a  mere  formula  of  j 
interpolation;  nor  can  it,  when  legitimately  used,  give  rise  to 
any  systematic  error  whatsoever. 

2.  If  in  such  variation  there  be  a  general  law,  this  will  be 
made  manifest  by  the  relative  inappreciableness  of  the  higher 
terms ;  and  the  chief  function  of  these  will  be  to  equate  out 
the  errors  of  observation. 

3.  Although  the  results  of  hourly  observations  may  be  abso* 
lutely  expressed  by  the  formula  with  twenty-four  constants, 
yet  the  values  given  by  such  a  formula  would  probably  be  in 
general  less  correct  than  those  resulting  from  the  use  of  fewer 
terms,  first,  because  it  would  imply  an  absence  of  law  in  the 
variation  ;  secondly,  because  it  would  necessarily  include  all 
errors  of  observation  to  their  full  extent,  instead  of  equating 
them  out. 

4.  Three  daily  observations,  tolerably  well  distributed,  to- 1 
gether   with  an  approximaie  value  of  the  epoch  of  maximum 
and  the  condition  of  only  one  point  of  contrary  flexure  in  the 
curve,  give  a  close  ap[)roximation  to  the  true  formula  for  the 
daily  variation,  so  far  as  this  can  be  expressed  without  includ- 
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I  those  terms  which  complete  their  period  in  less  than  eight 
urs. 

5.  An  approximate  knowledge  of  the  epoch  of  the  maximum 
minimum  temperature,  will,  for  each  of  them,  enable  us  to 

Id  an  additional  constant  to  the  formula  with  a  good  degree 
:  approach  to  the  truth. 

6.  The  mean  epochs  of  maximum  or  minimum  can  seldom 
e  determined  with  precision  even  by  employing  the  highest 
jfinements  of  observation  and  calculation  known  to  science, 
adeed  it  appeare  unlikely  that  they  ever  have  been  ascer- 
lined  for  any  points  of  the  earth's  surface  with  less  uncer- 
linty  than  several  minutes.  It  is  moreover  questionable 
fhether  there  are  any  such  epochs  sufficiently  marked  to  per- 
nit  determinations  without  the  introduction  of  various  condi- 
ions;  unless  by  the  employment  of  observations  extending 
)?er  a  series  of  years  sufficiently  long  to  eliminate  all  the  vari- 
ety of  conditions.  Even  if  this  be  possible  it  will  not  be 
ffithin  the  attainment  of  the  present  generation  or  their  near 
posterity. 


Art.  XL — Celestial  Chemistry  from   the  Time  of  Newton  ;  by 

T.  Sterry  Hunt,  LL.D.,  F.RS.* 

The  late  W.  Vernon  Harcourt,  in  1845,t  called  attention  to 
the  remarkable  perception  of  great  chemical  truths  which  is 
ipparent  in  the.  Queries  appended  to  t.he  third  book  of  New- 
on's  Optics,  as  well  as  in  his  Hypothesis  touching  Light  and 
x)lor.  With  regard  to  the  latter,  Harcourt  then  remarked,  "it 
las,  I  think,  scarcely  been  quoted,  except  by  Dr.  Young,  and 
ts  existence  is  but  little  known,  even  among  the  best-informed 
cientific  men."  The  essay  in  question  was  read  before  the 
loyal  Society,  December  9th  and  16th,  1675,  but  remained 
npublished  till  1757,  when  Birch,  at  that  time  secretary  to  the 
iociety,  primed  it,  not  without  verbal  inaccuracies,  in  the  third 
olume  of  his  History  of  the  Royal  Society ;  a  work  intended  to 
erve  as  supplement  to  the  Philosophical  Transactions  up  to 
hat  date.  In  1846,  at  the  suggestion  of  Harcourt,  the  Hypoth- 
sis  of  Newton  was  again  printed  in  the  L.  E.  and  D.  Philo- 
)j)hical  Magazine  (volume  xxix),  and  it  subsequently  appeared 
1  the  Appendix  to  the  first  volume  of  Brewster's  Memoirs  of 
r  Isaac  Newton,  in  1855. 

The  time  has  come  for  further  inquiries  into  the  science  of 
ewton,  and  I  shall  endeavor  to  show  that  a  careful  examina- 

*  Read  before  the  Cambridge  (?]ngland)  Philosophical  Society,  November  28, 
Jl,  and  reprinted  from  its  Proceedings. 
L.  E.  and  D.  PhUos.  Magazine,  III,  xxviii,  106  and  478;  also  xxix,  185. 
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tion  of  the  writings  of  our  great  Natural  Philosopher,  in  ib 
light  of  the  scientific  progress  of  the  last  generation,  renders  stil 
more  evident  the  wonderful  prevision  of  him  who  already,  twi 
centuries  since,  had  anticipated  most  of  the  recent  speculation 
and  conclusions  regarding  cosmic  chemistry. 

As  an  introduction  to  the  inquiries  before  us,  and  in  order  u 
show  the  real  significance  of  the  speculations  of  Newton,  i 
will  be  necessary  to  review,  somewhat  at  length,  the  history  o 
certain  views  enunciated  almost  simultaneously  by  the  late  Si 
Benjamin  Brodie,  of  Oxford,  and  the  present  writer,  and  subse 
quently  developed  and  extended  by  the  latter.  In  part  I  o 
his  Calculus  of  Chemical  Operations,  read  before  the  Boja 
Society,  May  3, 1866,  and  published  in  the  Philosophical  Trans 
actions  for  that  vear,  Brodie  was  led  to  assume  the  existence  oi 
certain  ideal  elements.  These,  he  said  **  though  now  revealec 
to  us  through  the  numerical  properties  of  chemical  equations 
only  as  implicit  and  dependent  existences^  we  cannot  but  surmise 
may  sometimes  become,  or  may  in  the  past  have  been,  isohtm 
and  independent  existences.^^  Shortly  after  this  publication,  in  the 
spring  of  1867, 1  spent  several  days  in  Paris  with  the  late  Eenri 
Sainte-Claire  Deville,  repeating  with  him  some  of  his  remarka 
ble  experiments  in  chemical  dissociation,  the  theory  of  whicb 
we  then  discussed  in  its  relations  to  Faye's  solar  nypothesis. 
From  Paris,  in  the  month  of  May,  I  went,  as  the  guest  of  Bro 
die,  for  a  few  days  to  Oxford,  where  I  read  for  the  first  time 
and  discussed  with  him  his  essay  on  the  Calculus  of  Chemical 
Operations,  in  which  connection  occurred  the  very  natural  sug 
gestion  that  his  ideal  elements  might  perhaps  be  liberated  ir 
solar  fires,  and  thus  be  made  evident  to  the  spectroscope.  ] 
was  then  about  to  give,  by  invitation,  a  lexjture  before  the 
Royal  Institution  on  The  Chemistry  of  the  Primeval  Earth 
which  was  delivered  May  81,  1867.  A  stenographic  reports 
the  lecture,  revised  by  the  author,  was  published  in  the  Chem- 
ical News  of  June  21,  1867,  and  in  the  Proceedings  of  the 
Royal  Institution.  Therein,  I  considered  the  chemistry  of  neb- 
ulae, sun  and  stars  in  the  combined  light  of  spectroscopic 
analysis  and  Deville's  researches  on  dissociation,  and  con- 
cluded with  the  generalization  that  the  **breaking-up  of  com 
pounds,  or  dissociation  of  elements,  by  intense  heat  is  a  principle 
of  nnivei'sal  application,  so  that  we  may  suppose  that  all  the 
elements  which  make  up  the  sun,  or  our  planet,  would,  when  so 
intensely  heated  as  to  be  in  the  gaseous  condition  which  all 
matter  is  capable  of  assuming,  remain  uncombined;  that  is  tc 
say,  would  exist  together  in  the  state  of  chemical  elements 
whoso  further  dissociation  in  stellar  or  nebulous  masses  mai 
even  give  us  evidence  of  matter  still  more  elemental  than  tha 
revealed  in  the  experiments  of  the  laboratory,  where  we  ca 
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ily  conjecture  the  compouad  nature  of  many  of  the  so-called 
ementary  substances.*' 

The  importance  of  this  conception,  in  view  of  subsequent 
iscoveries  in  spectroscopy  and  in  stellar  chemistry,  has  been 
ell  set  forth  by  Lockyer  in  his  late  lectures  on  Solar  Physics,* 
'here,  however,  the  generalization  is  described  as  having  been 
rst  made  by  Brodie  in  1867.  A  similar  but  later  enunciation 
f  the  same  idea  by  Clerk-Maxwell  is  also  cited  by  Lockyer. 
irodie,  in  fact,  on  the  6th  of  June,  one  week  after  ray  own 
ecture,  gave  a  lecture  on  Ideal  Chemistry  before  the  Chemical 
kwiety  of  London,  published  in  the  Chemical  News  of  June 
I4th,  in  which,  with  regard  to  his  ideal  elements,  in  further 
jxtension  of  the  suggestion  already  put  forth  by  him  in  the 
jxtract  above  given  from  his  paper  of  May  6,  1866,  he  says 
•we  may  conceive  that  in  remote  ages  the  temperature  of 
matter  was  much  higher  than  it  is  now,  and  that  these  other 
things  [the  ideal  elements]  existed  in  the  state  of  perfect  gases — 
separate  existences — uncombined."  He  further  suggested,  from 
spectroscopic  evidence,  that  it  is  probable  that  **we  may  one 
day,  from  this  source  have  revealed  to  us  independent  evidence 
of  the  existence  of  these  ideal  elements  in  the  sun  and  stars." 

Daring  the  months  of  June  and  July,  1867,  I  was  absent  on 
the  continent,  and  this  lecture  of  Brodie's  remained  wholly 
unknown  to  me  until  its  republication  in  1880,  in  a  separate 
form,  by  its  author,f  with  a  preface,  in  which  he  pointed  out 
that  he  had  therein  suggested  the  probable  liberation  of  his 
ideal  elements  in  the  suil,  referring  at  the  same  time  to  his 
paper  of  1866,  from  which  we  have  already  quoted  the  only 
expression  bearing  on  the  possible  independence  of  these  ideal 
elements  somewhere  in  time  or  in  space. 

The  above  statements  are  necessary  in  order  to  explain  why 
it  is  that  I  have  made  no  reference  to  Sir  Benjamin  Brodie  on 
the  several  occasions  on  which,  in  the  interval  between  1867 
and  the  present  time,  I  have  reiterated  and  enforced  my  views 
on  the  great  significance  of  the  hypothesis  of  celestial  aissocia- 
tion  as  giving  rise  to  forms  of  matter  more  elemental  than  any 
known  to  us  in  terrestrial  chemistry.  The  conception,  as  at 
first  enunciated  in  somewhat  different  forms  alike  by  Brodie 
and  myself,  was  one  to  which  we  were  both  naturally,  one 
might  say  inevitably,  led  by  different  paths  from  our  respective 
lelds  of  speculation,  and  which  each  might  accept  as  in  the 
lighest  degree  probable,  and  make,  as  it  were,  his  own. 
write,  therefore,  in  no  spirit  of  invidious  rivalry  with  my  hon- 
red  and  lamented  friend,  but  simply  to  clear  myself  from  the 
barge,    which    might   otherwise   be   brought  against   me,    of 

♦  Nature,  Angriist  25,  1881,  vol.  xxiv,  p.  396. 
f  Ideal  Chemistry,  a  Lecture.     Macmillan,  1880. 
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having  on  various  occasions  within  the  past  fourteen  years, 
put  forth  and  enlarged  upon  this  conception  without  mention- 
ing Sir  Benjamin  Brodie,  whose  only  publication  on  the  subject, 
so  far  as  I  am  aware,  was  his  lecture  of  1867,  unknown  to  me 
until  its  reprint  in  1880. 

It  was  at  the  grave  of  Priestley,  in  1874,  that  I  for  the  second 
time  considered  the  doctrine  of  celestial  dissociation,  commenc- 
ing with  an  account  of  the  hypothesis  put  forward  by  F.  W. 
Clarke,  of  Cincinnati,  in  January,  1873,*  to  explain  the  grow- 
ing  complexity  which  is  observed  when  we  compare  the  spectra 
of  the  white,  yellow  and  red  stars;  in  which  he  saw  evidence  of 
a  progressive  evolution  of  chemical  species,  by  a  stoichiogenic 
process,  from  more  elemental  forms  of  matter.  I  then  referred 
to  the  further  development  of  this  view  by  Lockyer  in  his  com- 
munication to  the  French  Academy  of  Sciences  in  November 
of  the  same  year,  wherein  he  connected  the  successive  appear- 
ance in  celestial  bodies  of  chemical  species  of  higher  and  higher 
vapor-densities  with  the  speculations  of  Dumas  and  Pettenkofer 
as  to  the  composite  nature  of  the  chemical  elements.f  I  then 
quoted  from  my  lecture  of  1867  the  language  already  cited,  to 
the  effect  that  dissociation  by  intense  heat  in  stellar  worlds 
might  give  us  more  elemental  forms  of  matter  than  any  known 
on  earth,  and  further  suggested  that  the  green  line  in  the  spec- 
trum of  the  solar  corona,  which  had  been  supposed  to  indicate 
a  hitherto  unknown  substance,  may  be  due  to  a  **  more  elemen- 
tal form  of  matter,  which,  though  not  seen  in  the  nebulae,  is 
liberated  by  the  intense  heat  of  the  solar  sphere,  and  may  possi- 
bly correspond  to  the  primary  matter  conjectured  by  Dumas, 
having  an  equivalent  weight  one-fourth  that  of  hydrogen." 
The  suggestion  of  Lavoisier,  that  "hydrogen,  nitrogen,  and 
oxygen,  with  heat  and  light,  might  be  regarded  as  simpler 
forms  of  matter  from  which  all  others  are  derived,"  was  also 
noticed  in  connection  with  the  fact  that  the  nebulae,  which  we 
conceive  to  be  condensing  into  suns  and  planets,  have  hitherto 
shown  evidences  only  of  the  presence  of  the  first  two  of  these 
elements,  which,  as  is  well-known,  make  up  a  large  part  of  the 
gaseous  envelope  of  our  planet,  in  the  forms  of  air  and  aqueoos 
vapor.  With  this,  I  connected  the  hypothesis  that  our  atmos- 
phere and  ocean  are  but  portions  of  the  universal  medium 
which,  in  an  attenuated  form,  fills  the  interstellary  spaces;  and 
further  suggested  as  "a  legitimate  and  plausible  speculation," 
that  "these  same  nebulae  and  their  resulting  worlds  may  be 
.evolved  by  a  process  of  chemical  condensation  from  this  univer- 
sal atmosphere,  to  which  they  would  sustain  a  relation  some- 

♦  Clarke,  "  Evolution  and  the  Spectroscope,"  Popular  Science  Monthly,  New 
York,  vol.  ii,  p.  32. 
f  Lockyer,  Comptes  Rendus,  November  3,  1873. 
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hat  analogoQs  to  that  of  clouds  and  rain  to  the  aqueous  vapor 
OQod  ua"* 

These  views  were  reiterated  in  the  preface  to  a  second  edition 
Emy  Chemical  and  Geological  Essays,  in  1878,  and  again  before 
le  British  Association  for  the  Advancement  of  Science  at 
>ablin,f  and  before  the  French  Academy  of  Sciences  in  the 
une  year4  They  were  still  further  developed  in  an  essay  on 
he  Chemical  and  Geological  Belations  of  the  Atmosphere, 
published  in  this  Journal  for  May,  1880,  in  which  attention  was 
sailed  to  the  important  contribution  to  the  subject  by  Mr. 
[jockyer  in  his  ingenious  and  beautiful  spectroscopic  studies, 
iie  results  of  which  are  embodied  in  his  **  Discussion  of  the 
Working  Hypothesis  that  the  so-called  Elements  are  Compound 
Bodies,"  communicated  to  the  Royal  Society,  December  12, 
1878.  It  was  then  remarked  that  the  already  noticed  "  specu- 
lation of  Lavoisier  is  really  an  anticipation  of  that  view  to 
which  spectroscopic  study  has  led  the  chemists  of  to-day ;"  while 
it  was  said  that  the  hypothesis  put  forth  by  the  writer  in  1874, 
**which  seeks  for  a  source  of  the  nebulous  matter  itself,  is  per- 
haps a  l^itimate  extension  of  the  nebular  hypothesis." 

To  show  the  connection  of  the  above  views  with  the  philoso- 
phy of  Newton,  it  now  becomes  necessary  to  give  some  account 
(rfthe  conception  of  the  universal  distribution  of  matter  through- 
out space,  both  as  regards  its  dynamical  relations  and  its  chem- 
ical composition.  Passing  over  the  speculations  of  the  Greek 
physiologists,  we  come  to  the  controversies  on  this  subject  in 
Ae  seventeenth  century,  and  find,  in  apparent  opposition  to  the 
)IeDum  maintained  by  Descartes  and  his  followers,  the  teaching 
rf  Newton  that  **  the  heavens  are  void  of  all  sensible  matter." 
Phis  statement  is,  however,  qualified  elsewhere  by  his  assertion, 
hat  "  to  make  way  for  the  regular  and  lasting  movements  of 
he  planets  and  comets,  it  is  necessary  to  empty  the  heavens  of 
II  matter,  except  perhaps  some  very  thin  vapors,  steams  and 
ffluvia  arising  from  the  atmospheres  of  the  earth,  planets  and 
omets,  and  from  such  an  exceedingly  rare  etherial  medium  as 
ve  have  elsewhere  described,"  etc.  {Optics,  Book  iii.  Query  28). 

In  order  to  understand  fully  the  views  of  Newton  on  this 
lubject,  it  is  necessary  to  compare  carefully  his  various  utter- 
ances, including  the  Hypothesis,  in  1675,  the  first  edition  of 
he  Principia,  in  1687,  the  second  edition,  in  1713,  and  the  va- 
ioos  editions  of  the  Optics.  This  work  appeared  in  1704,  the 
hird  book,  with  its  appended  queries,  having,  according  to  its 
Qthor's  preface,  been  "  put  together  out  of  scattered  papers  " 

*  A  Century's  Prog^ss  in  Theoretical  Chemistry,  being  an  address  at  Northum- 
srland,  Penn.,  July  31,  1874;   Amer.  Chemist,  vol.  v,  pp.  4d-61,  and  Pop.  Sci- 
IC8  Monthly,  vi,  p.  420. 
f  Nature,  Aug.  29,  187S,  vol.  xviii,  p.  475. 
X  Comptes  Rendus,  Sept  23,  1878,  vol.  raviii,  p.  452. 
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subsequent  to  the  publication  of  the  first  edition  of  the  Prm 
pia.  The  Latin  translation  of  the  Optics^  by  Dr.  Clarke,  whi( 
was  published  in  1706,  and  the  second  English  edition,  in  171 
contain  successive  additions  to  these  queries,  which  are  in( 
cated  in  the  notes  to  Horsley's  edition  of  the  works  of  Ne 
ton,  and  are  important  in  this  connection.  From  a  collation 
all  these,  we  learn  how  the  conceptions  of  the  Hypothesis  to 
shape,  were  re-inforced,  and  in  great  part  incorporated  in  t 
Principia. 

In  the  Hypothesis,  he  imagines  "an  etherial  medium  mu 
of  the  same  constitution  with  air,  but  far  rarer,  subtler,  a 
more  elastic."  "  But  it  is  not  to  be  supposed  that  this  medii 
is  one  uniform  matter,  but  composed  partly  of  the  main  phh 
matic  body  of  ether,  partly  of  other  various  etherial  spin 
much  after  the  manner  that  air  is  compounded  of  the  phl( 
matic  body  of  air  intermixed  with  various  vapors  and  exha 
tions."  Newton  further  suggests  in  his  Hypothesis  that  tl 
complex  spirit  or  ether,  which,  by  its  elasticity,  is  extend 
throughout  all  space,  is  in  continual  movement  and  interchanj 
"  For  nature  is  a  perpetual  circulatory  worker,  generating  flui 
out  of  solids,  and  solids  out  of  fluids,  fixed  things  out  of  vo 
tile,  and  volatile  out  of  fixed,  subtile  out  of  gross,  and  gross  o 
of  subtile;  somethings  to  ascend  and  make  the  upper  terr 
trial  juices,  rivers,  and  the  atmosphere,  and  by  consequen 
others  to  descend  for  a  requital  to  the  former.  And  as  t 
earth,  so  perhaps  may  the  sun  imbibe  this  spirit  copiously, 
conserve  his  shining,  and  keep  the  planets  from  receding  fi 
ther  from  him :  and  they  that  will  may  also  suppose  that  tl 
spirit  afibrds  or  carries  with  it  thither  the  solary  fuel  and  fl) 
terial  principle  of  life,  and  that  the  vast  etherial  spaces  betwe 
us  and  the  stars  are  for  a  suflicient  repository  for  this  food 
the  sun  and  planets." 

The  language  of  this  last  sentence,  in  which  his  late  biogi 
pher.  Sir  David  Brewster,  regards  Newton  as  **  amusing  hims 
with  the  extravagance  of  his  speculations,'*  at  which  *^we  m 
be  allowed  to  smile,'*  was  not  apparently  regarded  as  unK 
sonable  by  its  author  when,  more  than  ten  years  later,  he  quot 
it  in  the  |.>ostscript  of  his  letter  to  Halley,  dated  Cambridj 
June  20,  lt>86.  The  views  therein  contained,  with  the  sinj 
exception  of  the  sugirestion  regarding  gravitation,  have  r 
wanted  advocates  in  our  own  time,  and  many  of  them  w( 
embodied  in  the  Prina'pia,  which  Newton  was  then  engaged 
writing. 

But  this  was  not  all :  Newton  saw  in  the  cosmic  circulat 
and  the  mutual  convertibility  of  rare  and  dense  forms  of  mal 
a  universal  law,  and  rising  to  a  still  bolder  conception,  wh 

*  Brewster's  Memoirs  of  Newton,  vol.  i,  pp.  121  and  404. 
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uipletes  his  Hypothesis  of  the  Universe,  adds:  "Perhaps  the 
lole  frame  of  nature  may  be  nothing  but  various  contextures 
some  certain  etherial  spirits  or  vapors,  condensed,  as  it  were, 
r  precipitation,  much  after  the  same  manner  that  vapors  are 
mdensed  into  water,  or  exhalations  into  grosser  substances, 
tough  not  so  easily  condensible;  and  after  condensation 
rooght  into  various  forms,  at  firet  by  the  immediate  hand  of 
le  Creator,  and  ever  since,  by  the  power  of  nature,  which,  by 
irtue  of  the  command  *  increase  and  multiply,*  became  a  cbm- 
lete  imitator  of  the  copy  set  her  by  the  great  Protoplast. 
*hu8,  perhaps  may  all  things  be  originated  from  ether." 

If  now  we  look  to  the  third  book  of  the  Priricipia^  we  shall 
iod  in  proposition  41  the  remarkable  chemical  argument  by 
fhich  Newton  was  led  to  regard  the  interstellary  ether  as 
iffording  **the  material  principle  of  life''  and  "the  food  of 
)lanets."  Considering  the  exhalations  from  the  tails  of  comets, 
je  supposes  that  the  vapors  thus  derived,  being  rarified,  dilated, 
md  spread  through  the  whole  heavens,  are  by  gravity  brought 
syilbin  the  atmaspheres  of  the  planets,  where  they  serve  for  the 
support  of  vegetable  life.  Inasmuch,  moreover,  as  all  vegeta- 
tion is  supported  by  fluids,  and  subsequently,  by  decay  is,  in 
part,  changed  into  solids,  by  which  the  mass  of  the  earth  is 
augmented,  he  concludes  that  if  these  essential  matters  were 
noi  supplied  from  some  external  source,  they  must  continually 
decrease,  and  at  last  fail.  This  vital  and  subtile  part  of  our 
atmosphere,  so  important,  though  small  in  amount,  he  then 
supposed  might  come  from  the  tails  of  comets."^ 

This  appeared  in  the  first  edition  of  the  Prinapia,  in  1687. 
It  was  not  until  later  that  the  conception  of  exhalations  from 
other  celestial  bodies  took  shape  in  the  mind  of  Newton,  as 
we  may  learn  from  the  Optics.  Thus,  in  the  first  edition  of  this 
work,  in  Query  11,  the  sun  and  fixed  stars  are  spoken  of  as 

*"  Vapor  enim  in  spatiis  illis  liberrimis  perpetu6  raroscit,  ac  dilatalur.  QiiA 
ntione  fit  ut  CRuda  omnia  ad  eztremitatem  superiorem  latior  sit  qiiam  juxta  ca- 
pita oometae.  K4  aiitem  rarefactione  vaporem  perpetuo  dilatatum  diffundi  tau- 
tem  et  spargi  par  coelos  iini versos,  deinde  paulatim  iu  planetas  per  gravitatem 
mam  attrahi  et  cum  eorum  almoaphaeris  niivsceri,  rationi  cousentanoum  videtur. 
^am  quemadmodum  maria  ad  conatitiitionera  Terrae  hujiis  omuino  requiruntur, 
ijqoe  ut  ex  iis  per  calorem  Soils  vapores  copiose  satis  exciteutur,  qui  vel  in  nubes 
Oicd  deddant  in  pluviis,  et  Terram  omneni  ad  procroaiionem  vegetabilium  irri- 
rat  et  nutriant;  vel  in  frigidis  montium  verticibus  condensati  (ut  aliqui  cum  ra- 
ione  philosophantur)  decurrant  in  fontea  et  fliimina :  sic  ad  conservationem  ma- 
niD  et  humorum  in  planetis  requiri  videntur  cometae,  ex  quorum  exhalationibus 

vaporibus  condensatis,  quicquid  liquoris  per  vegetationem  et  putrefactionem 
losumitur  et.in  Terram  aridam  couvertitur,  continuo  suppleri  et  refici  possit. 
am  vegetabilia  omnia  ex  liquoribus  omuino  crescunt,  deiu  magnd  ex  parte  in  Ter- 
m  aridam  per  putrefactionem  abeunt,  et  limus  ex  liquoribus  putrefactis  perpetu6 
cidit.  Hinc  moles  Terrae  aridae  indies  augetur,  et  liqnorea,  nisi  aliunde  augmen- 
n  suroereot,  perpetu6  decresere  debcrent,  ac  tandem  deficere.  Porro  suspicor 
tritiim  ilium,  qui  aeris  nostri  pars  minima  est,  sed  subtillissima  et  optima,  et  ad 
•um  omnium  vitam  requiritur,  ex  cometis  praecipue  venire." — Newton^  Principia, 
.  Ill,  prop.  XLi. 
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great  earths,  intensely  heated,  and  surrounded  with  dense  at- 
mospheres which,  bv  their  weight,  condense  the  exhalation! 
arising  from  these  hot  bodies.  To  this  Query  is  added,  ii 
1706,  the  suggestion  that  the  weight  of  such  an  atmosphere 
"  may  hinder  the  globe  of  the  sun  from  being  diminished  ex- 
cept  by  the  emission  of  light;"  while  in  the  second  English 
edition,  in  1718,  we  find  a  further  addition,  in  the  words  "andt  \ 
very  small  quantity  of  vapors  and  exhalations."  A  similar 
change  of  view  appears  in  the  Query  now  numbered  28,  wherein 
we  read  of  "places  [almost]  destitute  of  matter,"  and  also  that 
"the  sun  and  planets  gravitate  towards  each  other  withont 
[dense]  matter  between."  In  these  quotations,  the  two  words 
in  brackets  are  wanting  in  the  edition  of  1706,  and  first  appear 
in  that  of  1718 ;  while  the  language  which  we  have  in  a  pre- 
vious page  quoted  from  this  same  Query  is  found  in  the 
edition 'of  1706. 

The  Queries  now  numbered  17-24,  appeared  for  the  first 
time  in  the  edition  of  1718,  and  herein  we  find,  in  18,  the  ethe- 
rial  medium  spoken  of  as  being  "by  its  elastic  force  expanded 
through  all  the  heavens."  Of  this  medium,  "which  fills  all 
space  adequately,"  he  asks,  "  may  not  its  resistance  be  so  small 
as  to  be  inconsiderable,"  and  scarcely  to  make  any  sensible  al* 
teration  in  the  movements  of  the  planets?*  This  complex 
ether  of  the  interstellary  space  was  thus,  in  the  opinion  of  New- 
ton, made  up  in  part  of  matter  common  to  the  planetary  and 
stellar  atmospheres,  the  origin  and  importance  of  which  is  con- 
cisely stated  in  the  paragraph  which  appears  for  the  first  time 
in  1713,  in  the  second  edition  of  the  Principia^  in  the  third 
book,  at  the  end  of  proposition  42,  here  much  augmented.  In 
this  statement,  which  serves  to  supplement  and  complete  that 
already  made  in  1687,  in  proposition  41,  we  read,  that  the  va- 
pors which  arise  alike  from  the  sun,  the  fixed  stars  and  the  tails 
of  comets,  may  by  gravity  fall  into  the  atmospheres  of  the 
planets,  and  there  be  condensed,  and  pass  into  the  form  of  salt& 
sulphurs,  {id  est^  combustible  matters,)  tinctures,  clay,  sand, 
coral  and  other  terrestrial  substances.f 

The  conception  of  Newton,  who,  while  rejecting  alike  the 
plenum  of  the  Cartesians,  with  its  vortices,  and  an  absolute  vac- 
uum, imagined  space  to  be  filled  with  an  exceedingly  atten- 
uated matter,  through  which  a  free  circulation  of  gaseous  sub- 
stances might  lake  place  between    distant  worlds,   has  found 

♦  Compare  this  with  Prop,  x,  Book  III  of  the  Principia. 

f  *'  Vapores  autem,  qui  ex  Sole  et  stellis  fixis  el  caiidis  cometarum  onuntur,  in* 
cidero  possunt  per  gravitatem  siiam  in  atmosphaeras  planotarum,  et  ibi  condenaui 
et  converti  in  aqiiam  et  spiritos  Immidos,  et  subindo  per  lentem  calorem  in  sal^ 
et  sulphura,  et  tinotiiras,  et  liniiiin,  ct  hitcni.  et  argillam,  et  areiiam,  et  lapides,  et 
ooraUa,  et  substauliaa  alias  terrestres  paulatini  migrure." — Newton^  Pi'iticipia^  lib. 
irr,  prop.  XLli. 
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vor  among  modem  thinkers,  who  seem  to  have^been  ignorant 
his  views.  Sir  William  Grove  in  1842,  suggested  that  the 
edium  of  light  and  heat  may  be  **  a  univeraally  dif- 
ised  matter,"  and  subsequently,  in  1843,  in  the  chapter  on 
light,  in  his  Essay  on  the  Correlation  of  Physical  Forces^  con- 
luded  with  regard  to  the  atmospheres  of  the  sun  and  the  plan- 
ts, that  there  is  no  reason  "  why  these  atmospheres  should  not 
•e,  with  reference  to  each  other,  in  a  state  of  equilibrium, 
ither,  which  term  we  may  apply  to  the  highly  attenuated  mat- 
er existing  in  the  interplanetary  spaces,  being  an  expansion  of 
ome  or  all  of  these  atmospheres,  or  of  the  more  volatile  por- 
ions  of  them,  would  thus  furnish  matter  for  the  transmission 
>f  the  modes  of  motion  which  we  call  light,  heat,  etc.  ;'and  pos- 
ibly  minute  portions  of  the  atmospheres  may,  by  gradual  accre- 
ions  and  subtractions,  pass  from  planet  to  planet,  forming  a 
ink  of  material  communication  between  the  distant  monads  of 
he  universe."  Subsequently,  in  his  address  as  President  of 
he  British  Association  for  the  Advancement  of  Science,  in 
1866,  Grove  further  suggested  that  this  diffused  matter  may  be- 
»me  a  source  of  solar  heat,  "  inasmuch  as  the  sun  may  con- 
lense  gaseous  matter  as  it  travels  in  space,  and  so  heat  may  be 
)roduced." 

Humboldt,  also,  in  his  Cosmos,  considers  the  existence  of  a 
"esisting  medium  in  space,  and  says  **of  this  impeding  ether- 
aland  cosmical  matter,*'  it  may  be  supposed  that  it  is  in  mo- 
ion,  that  it  gravitates,  notwithstanding  its  great  tenuity,  that  it 
8 condensed  in  the  vicinity  of  the  great  mass  of  the  sun,  and 
•hat  it  may  include  exhalations  from  comets  ;  in  which  connec- 
iioD  he  quotes  from  the  42nd  proposition  of  the  third  book  of 
he  Principia.  He  further  speaks  comprehensively  of  **  the  va- 
)orous  matter  of  the  incommensurable  regions  of  space, 
ifhether,  scattered  without  definite  limits,  it  exists  as  a  cosmical 
Jther,  or  is  condensed  in  nebulous  masses  and  becomes  com- 
)ri8ed  among  the  agglomerated  bodies  of  the  universe."*  Hum- 
X)ldt  also  cites  in  this  connection  a  suggestion  made  by  Arago 
n  the  Aimuaire  du  Bureau  des  Longitudes  for  1842,  as  to  the 
X)ssibility  of  determining,  by  a  comparison  of  its  refractive 
3ower  with  that  of  terrestrial  gases,  the  density  of  "  the  ex- 
.remely  rare  matter  occupying  the  regions  of  space. "f 

In  1854,  Sir  William  Thomson  published  his  note  on  the 
Possible  Density  of  the  Luminiferous  Ether,:]:  wherein  he  re- 
marks **that  there  must  be  a  medium  of  material  communica- 
rion  throughout  space  to  the  remotest  visible  body,  is  a  funda- 
niental  conception  of  theundulatory  theory  of  light     Whether 

•Cosmos,  Otte's  translation,  Harprr's  ed..  vol.  i,  pp.  82.  86. 
\  Ibid,  vol.  iii,  p.  4{». 

♦  TrjiM.  Boy.  Soc.  Euinbiirgh,  vol.  xxi,  part  1 ;  and  Phil.  Mag.,  1856,  vol.  ix, 
P«  36, 


182  7!  S,  Hunt— Celestial  Chemistry. 

or  no  this  medium  is  (as  appears  to  me  most  probable)  a  con- 
tinuation  of  our  own  atmosphere,  its  existence  cannot  be  ques- 
tioned." He  then  attempts  to  fix  an  inferior  limit  to  the  den- 
sity of  the  luminiferous  medium  in  interplanetary  space  by  con- 
sidering the  mechanical  value  of  sunlight,  as  deduced  from 
the  value  of  solar  radiation  and  the  mechanical  equivalent  of 
the  thermal  unit.  He  concludes  *Uhat  the  luminiferous  me- 
dium is  enormously  denser  than  the  continuation  of  the  terres- 
trial atmosphere  would  be  in  interplantary  space  if  rarified  ac- 
cording  to  Boyle's  law  always,  and  if  the  earth  were  at  rest  in 
a  state  of  constant  temperature,  with  an  atmosphere  of  the  act- 
ual density  at  its^surface."  The  earth  itself  in  moving  through 
space  **  cannot  displace  less  than  250  pounds  of  matter." 

In  1870,  W.  Mattieu  Williams  published  his  very  ingenious 
work  entitled  The  Fuel  of  the  Sun,  in  which,  apparently  with- 
out any  knowledge  of  what  had  been  written  before  with  regard 
to  an  interstellary  medium,  he  attempts  to  find  therein  the 
source  of  solar  heat — the  '*  solary  fuel  "  of  Newton.  To  quote 
his  own  language,  *'  the  gaseous  ocean  in  which  we  are  im- 
mersed is  but  a  portion  of  the  infinite  atmosphere  that  fills  the 
whole  solidity  of  space,  that  links  together  all  the  elements  of 
the  universe,  and  diffuses  among  them  light  and  heat,  and  all 
the  other  ph3''sical  and  vital  forces  which  heat  and  light  are 
capable  of  generating"  (loc.  cit.  p.  5). 

Since  the  days  of  Newton,  however,  no  one  had  hitherto  con- 
sidered the  interstellary  matter  from  a  chemical  point  of  view. 
In  1874,  as  already  shown,  the  writer  had,  in  extension  of  the 
conception  of  Humboldt  that   its    condensation  gives  rise  to 
nebula3,  ventured  the  suggestion  that  from  an  etherial  medium 
having  the  same  composition  as  our  own  atmosphere,  the  chemi- 
cal elements  of  the  sun  and  the  planets  have  been  evolved,  in  ' 
accordance  with  the  views  of  Brodie,  Clarke,  and  Lockyer,  bya  ! 
stoichiogenic  process  ;  so  that  in  the  language  of  Newton's  Hy-  ' 
pothesis,  **all  things  may  be  originated  from  ether." 

It  was  not,  however,  until  1878,  that,  from  a  consideration  of 
the  chemical  processes  which  have  gone  on  at  the  earth's  su^ 
face  within  recorded  geological  time,  I  was  led  to  another  step  i 
in  this  inquiry.     That  all  the  de-oxidized  carbon  found  in  the 
earth ^s  crust  in  the  forms  of  coal  and  graphite,  as  well  as  that 
existing  in  a  diffused  state,  as  bituminous  or  carbonaceous  mat- 
ter, has  come,  through  vegetation,  from  atmospheric  carbonic  acid, 
appears  certain.  To  the  same  source  we  must  ascribe  the  carbonic 
acid  of  all  the  limestones  which,  since  the  dawn  of  life  on  our 
earth,  have  been  deposited  from  its  w^aters.     It  is  through  the 
sub-aerial  decay  of  crystalline  silicated   rocks,  and   the  direct 
formation  of  carbonate  of  lime,  or  of  carbonates  of  magnesia 
and  alkalies  which  have  reacted  on  the  calcium-salts  of  the  pri- 
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leval  oceaD,  that  all  limestones  and  dolomites  have  been  gen- 
-ated.  These,  apart  from  the -coaly  matter,  hold,  locked  up 
ttd  withdrawn  from  the  aerial  circulation,  an  amount  of  car- 
ouic  acid  which  may  be  probably  estimated  at  not  less  than 
00  atmospheres  equal  in  weight  to  our  own.  That  this 
oiount,  or  even  a  thousandth  part  of  it,  could  have  existed  at 
ny  one  time  in  our  terrestrial  atmosphere  since  the  beginning 
f  life  on  our  planet  is  inconceivable,  and  that  it  could  be  sup- 
plied from  the  earth's  interior  is  an  hypothesis  equally  un- 
enable. 

I  was  therefore  led  to  admit  for  it  an  extra- terrestrial  source, 
md  to  maintain  that  the  carbonic  acid  has  thence  gradually 
i»me  into  ou»  atmosphere  to  supply  the  deficiencies  created  by 
Bhemical  processes  at  the  earth's  surface.  Since  simila^  pro- 
cesses are  even  now  removing  from  our  atmosphere  this  indis- 
pensable element,  and  fixing  it  in  solid  forms,  it  follows  that 
except  volcanic  agency,  which  can  only  restore  a  portion  of 
what  was  primarily  derived  from  the  atmosphere,  there  are  on 
earth,  besides  organic  decay,  only  the  artificial  processes  of  hu- 
man industry  which  can  furnish  carbonic  acid;  so  that  but 
for  a  supply  of  this  gas  from  the  interstellary  spaces  now,  as  in 
the  past,  vegetation,  and  consequently  animal  life  itself,  would 
fail  and  perish  from  the  earth,  for  want  of  this  **  food  of  planets.'* 

Such  were  the  conclusions,  based  on  an  induction  from  the 
Ikcts  of  modern  chemistry  and  geology,  which  I  enunciated  in 
my  papers  in  1878  and  1880,  already  quoted  in  the  fii*st  part  of 
this  essay.  I  was  at  that  time  unacquainted  with  the  Hypothe- 
sis of  Newton,  and  with  his  remarkable  reasoning  contained  in 
the  41st  proposition  of  the  third  book  of  the  Principia,  in  which 
he,  so  far  as  was  possible  with  the  chemical  knowledge  of  his 
time,  anticipated  my  own  argument,  and  showed  how  and  in 
vhat  manner  the  interstellary  ether  may  really  afford  the  *'food 
)f  planets,''  and,  in  a  sense,  "  the  material  principle  of  life." 

I  have  thus  endeavored  to  bring  before  the  Philosophical 
Society  of  Cambridge,  a  brief  history  of  the  development  of 
his  conception  of  an  interstellary  medium,  and  to  show  that 
he  thought  of  two  centuries  has  done  little  more  than  confirm 
.he  almost  forgotten  views  of  Newton.  It  is  with  feelings  of 
>eculiar  gratification  that  I  have  been  able  to  indite  these  pages 
ivithin  the  very  walls  of  the  college  in  which  our  great  phil- 
)sopher  lived  and  labored,  and  where,  combining  all  the  science 
)f  his  time  with  a  foresight  which  seems  well-nigh  divine,  he 
ras  enabled,  in  the  words  of  the  poet,  *' to  think  again  the 
rent  thought  of  the  creation." 
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Akt.  XIL — A  Cercaria  vntk  Caudal  SeUe;  by  J.  Walteh 
Fewkes. 

The  interesting  larva  of  a  Trematode  worm,  described  below, 
was  found  during  my  work  last  summer  in  the  private  laboti- 
tory  of  Mr.  Alex.  Agassiz  at  Newport,  R.  I.  While  watching 
the  water  in  a  glass  jar,  for  the  purpose  of  detecting  new  formi 
of  pelagic  life,  my  attention  was  attracted  by  the  stranM 
motions  of  a  larva  swimming  near  the  surface  At  first  sight 
the  unknown  animal  was  mistaken  for  the  nauplius  of  oneof 
our  common  Cirripeds,  which  it  closely  resembles  In  the  chin 
acter  of  its  movements.  A  microscopic  examination,  however, 
shows  that  it  is  a  Cercaria,  or  larval  Trematode,  although  it 
differs  from  any  of  these  animals  yet  described.  As  notnine 
similar  to  it  is  to  be  found  in  the  published  figures  of  larru 
Trematodes,  a  figure  and  description  is  given  below.  The 
especially  interesting  feature  of  this  Cercaria,  and  one  whi(i 
seems  to  me  to  justify  this  isolated  publication  of  a  description, 
is  found  in  the  annelid  character  of  the  tail.  The  larva,  from 
this  characteristic,  may  indicate  some  relationship  which  bu 
not  yet  been  pointed  out,  between  the  worms  known  as  tbs 
Trematoda  and  the  Annelida. 


This  Cercaria  is  marine  in  habitat,  and  is  always  fonnd  ator 
near  the  surface  of  the  water.  The  length,  when  the  body  and 
tail  are  extended,  is  about  one-sixteenth  of  an  inch.  Its  motioi 
through  the  water  is  never  direct  but,  so  far  as  was  observed, 
consists  of  a  "jerky  "  motion,  brought  about  by  the  poweifd 
strokes  of  its  very  muscular  tail.  This  motion  resembles  vaj 
clasely  that  of  the  nauplius  of  Balanus.  The  larva  is  just  visJ 
ble  to  the  unaided  eye  and  its  body  walls  are  very  transparent 
Under  the  microscope,  with  moderate  magnifying  powers,  tbi 
contortions  and  motions  of  the  tail  are  so  rapid  that  they  «* 
not  be  followed  bv  the  eye.  As  in  all  Cercariie,  the  t«^ 
marked  divisions  of  the  larva  are  the  head  and  the  tail. 

The  head  or  body  is  in  no  respect  characteristic.  Its  ^ipt 
is  very  variable,  being  sometimes  contracted   into  a  spbericd 
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all  and  at  other  times  extended  as  represented  in  the  figure . 
Lt  the  extremity  of  the  head  there  is  a  mouth  (a),  which  is 
>metimes  seen  to  open  and  close.  It  is  a  circular  orifice  in 
bich  no  proboscis  could  be  seen.  The  stomach  occupies  a 
irge  part  of  the  anterior  central  part  of  the  body,  and  from  it 
icre  is  continued  backward,  a  pair  of  blindly  ending  vessels,  as 
1  other  Cercariae.  One  of  these  caeca  is  shown  in  the  figure 
7).  Many  spherical  oil  globules  (0),  arranged  in  a  row  follow- 
ig  the  course  of  the  cavity  of  the  body,  conceal  the  second. 

A  pair  of  black  pigment  patches  (e)  is  found  near  the  anterior 
xtremity  of  the  body.  The  most  prominent  structure  of  the 
ody  of  the  worm  is  a  large  medially  placed  sucker  (d),  which 
!  situated  superficially  to  the  posterior  end  of  the  stomach  near 
ts  bifurcation  into  the  two  vessels  (r). 

The  tail  is  the  most  peculiar  structure  of  this  larval  Trema- 
ode.  Its  general  shape  is  hardly  characteristic,  and  it  owes  its 
mportant  interest  to  the  appendages  (5),  found  along  its  entire 
cngtb.     It  is  very  muscular  and  extremely  active. 

The  appendages  (5)  distinguish  this  larva  from  all  other  Cer- 
ariie.  At  intervals  along  the  whole  length  of  the  tail  we  find 
wndles  of  setae  arranged  on  opposite  sides.  These  setae,  of 
fhich  there  are  many  in  each  bundle,  are  straight,  inflexible 
ind  moved  by  muscles  in  the  walls  of  the  tail.  Their  resem- 
)lance  to  the  setae  found  in  the  segments  of  annelids  is  very 
[reat 

Ten  specimens  of  this  Cercaria  were  captured  It  was  impos- 
ible  to  raise  them  and  all  the  specimens  died  soon  after  capture. 


.RT.  XIII. — Notice  of  tJie  remarkable  Marine  Fauna  occupying 
die  outer  banks  off  tlie  Southern  coast  of  New  England,  No,  8 ; 
by  A.  E.  Verrill.  (Brief  Contributions  to  Zoology  from 
ihe  Museum  of  Yale  College :  No.  XLIX.) 

After  the  printing  of  my  last  article,  in  the  October  num- 
er  of  this  Journal,  an  additional  trip  to  the  outer  grounds,  off 
lartha^s  Vineyard,  was  made  by  the  Fish  Hawk,  Sept.  21. 
'wing  to  unfavorable  weather,  only  two  successful  hauls  (1038, 
)39)  were  made,  but  some  very  interesting  species  were  pro- 
ired.  One  of  the  most  notable  additions  to  the  fauna  was  a 
rgc  and  perfect  sea-urchin,  with  large  spines  nearly  four  inches 
og  {Dorocidaris  papillata).  This  had  not  been  taken  before 
I  this  coast,  although  not  uncommon  off  the  coasts  of  Europe, 
id  beneath  the  Gulf  Stream,  off  Florida,  etc.  The  specimen 
ken  at  station   1038  measured  7^  inches  across  the  spines. 

small  comatula  {Antedon  Sarsii)  was  found  at  station  1038, 

kM.  Joam.  8ci.— Thibd  Sbbibs,  Vol.  XX in,  No.  184.— Fsbruxbt,  1882. 
10 
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in  146  fathoms,  in  the  greatest  profusion,  over  10,000  speci- 
mens coming  up  at  a  single  haul.  As  usual,  nearly  all  the 
specimens  had  dismembered  themselves  before  reaching  the 
surface.  The  great  abundance  of  this  and  other  recent  cri- 
noids  at  certain  localities  is  parallel  with  the  abundance  of 
many  ancient  fossil  crinoids,  in  particular  regions. 

In   fact,  a  large  number  of  species,   belonging   to   varions 
zoological  groups,  in  this  region  are  found  living  gregariouslj, 
in  vast  numbers,  at  particular  spots,  while  they  may  not  occw 
at  all,   or  only  sparingly,  at  other  stations,  in  similar  deptba, 
and  apparently  identical  in  temperature  and  character  of  the 
bottom.       Thus,   among    Echinoderms,   the    large    ophiuran, 
Ophioglypha  Sarsu]  occurred  at  stations  918  and   1026,  in  4$ 
and  182  fathoms,  in  vast  quantities;  at  1026,  between  two 
three  barrels  (probably  over  10,000  specimens)  came  up  in  t^ 
single  haul ;   the  elegant  star- fish,  Archasler  Agaasizii  v.,  iXr\ 
curred  in  great  numbers  at  station  997,  in  335  fathoms;  the] 
more  common  A,  Americaitus  V.  has  often  occurred  in  very  grcil 
profusion,  many  thousands  being  taken  at  a  haul,  at  several 
stations.     A  slender-armed  Amphiura  occurred  in  very  greet 
numbers  at  station  920,  in  68  fathoms,  but  was  seldom  mcfr^ 
with  elsewhere.     Many  other  echinoderms  might  also  be  cited,^ 
though   affording  less    conspicuous    examples.      Several  vi 
large  actinians,  among  them  Bolocera  Tuedice^    Urticina  nodiM^ 
and  other  species  of  Urticina,  occurred  in  great  quantities  at 
many  stations  (924,  937,  938,  998),  more  than  a  barrel  of  them 
frequently  coming  up  in  the  trawl.     The  pretty  bush-like  gor- 
gonian  coral,  Acaiiplla  Normani  Y.,  was  very  abundant  at  sta- 
tions   938,   947,   1029.      Of  the  spiny  sea-feather,    PenvaUik 
uculeata,   we  took  over  500   specimens,   at  station   1025,  and 
nearly  a  hun«lred  of    Anthcmastus  grandiflorus  V.,    at  station 
1029  ;  both  these  forms  are  usual Iv  scarce.     The  coral,  FtabA- 
lum  Goodel  V.,  was  abundant  at  894,  895,  952,  938.     The  large 
and  curious  annelid,   Ih/ah'noecia  artifex  V.,  remarkable  for  the 
very  largo,  quilMike,  free  tube  that  it  constructs,  must  be  ex- 
cessively abundant  in  many  places,  as  at  869,  880,  1025,  1026^ 
998,  938,  for  several  thousands  are  frequently  taken  at  a  sio- 
glc  haul,  and  sometimes  even  four  or  five  bushels,  as  at  statioB 
1032.     Among  Crustacea,  such  cases  are  also  very  common.    A- 
species  of  Munida  was  very  abundant  at  some  stations  (871, 
922,  941),  so  that  2.000  or  more  sometimes  came  up  in  one  haul, 
and  the  same  is  true  of  several  species  of  shrimp  {PantophilM 
hrevirostris  Smith,  at 865,  871,  878,  941  ;  Pandalus  leptocerus^^ 
at  870,  878.  etc.);   certain  hermit-crabs,  as  Ilemipagurus  sodc 
S.,   at  871,  874,   877,   87S,   940.   941,   944;  the   maioid  cralvj 
Euprofjnntha  rastellifera  Stinip.,  at  871-4,  878,  921,  941,  etc 

One  of    the  most  striking  instances  was  the  occurrence 
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ery  remarkable  and  hitherto  rare   hermit-crab  (Parapagii- 
pilosimanus   Smith),  with    its  associated,  investing  polyp 
izoanthus paguriphilus  V.)*  which  is  a  true  commensal,  form- 
oat  of  its  own  tissues,  the  habitation  of  the   crab;   and 
lerto  it  has  not  b6en  found  elsewhere  than  upon  the  back  of 
particular  species  of  crab,  which,  likewise,  has  not  been 
id  without  its  polyp.      Of   these  associated    creatures  we 
c  about  400  couples,  at  station  947,  in  312  fathoms,  at  one 
1.     It  had  previously  only  been  known  by  a  few  specimens 
3n  by  the  Gloucester  halibut  fishermen,  in  deep  water,  oflF 
ra  Scotia,  and  by  ourselves,  in  1880. 

n  October,  while  on  the  way  south,  Captain  Tanner  made 
ndependent  trip  to  the  edge  of  the  Gulf  Stream,  oflf  Dela- 
e  Bay  (stations  1043-1049).  On  this  trip,  many  interesting 
?ies  were  obtained,  among  which  were  several  fine  large 
Mmens  of  Echinus  gracilis  and  Dorocidaris  papilla ta,  A 
e  species  of  Fissurella^  and  a  very  large  specimen  of  a  rare 
),  Oeryon  quinquedens  Smith,  also  occurred, 
during  the  summer,  the  writer  made  some  observations  in 
ird  to  the  phosphorescence  of  many  speciea  Among  those 
ing  strong  phosphorescence,  were  Pennatula  aculeaia  ;  Aca- 
2  Normani ;  Urlicina  nodosa  (in  which  it  is  confined  to  the 
acles  and  the  smoother,  soft  portion  of  the  column,  near  the 
mit)  ;    Ophiocnida  olwacea ;   Ophiacantha  bidentala. 

Utional  dredging  stations  occupied  by  the  Fish  Hawk^  in  1881. 


in 

LocaUty. 

Fath. 

Bottom. 

Date. 

Temperatnre. 

Bottom. 

Snrface. 

Off  Martha's  Vineyard. 

X.  Lat.         W.  LoDg. 

1881 

1  '     39^  58'           70"  06' 
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sand  &  shells 

Sept.  21 

47**  F. 

67**  F. 
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Off  Delaware  Bay. 

X.  Lat.         W.  Long. 
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38    37             73    12 
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38    31             73    21 
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40 

66 

moanihus  paguriphilus  Verrill,  sp.  nov.  Polyps  few  and  very  large,  stout, 
broad,  swollen  bases,  arising  from  a  very  thick,  smooth,  lubricous,  gray  or 
olored,  translucent  basal  CGenench3rma,  which  at  first  invests  small  univalve 
occupied  by  Parapagurus  pilosimanus^  but  finally  grows  far  larger  than  the 
Jid  eventually  absorbs  it.  Disk  broad,  larger  than  column;  tentacles nume- 
rather  long,  light  orange.  Breadth  of  colony,  2  to  3  inches ;  height  of 
^  in  expansion,  1  inch  or  more;  diameter,  -5  to  '7  of  an  inch. 


188    A,  E.  VffrriU — Marine  Fauna  off  the  New  England  Coast 

ECHINODERMATA. 

Most  of  the  Echinoderraata  enumerated  last  year  were  agai 
taken  this  season,  in  still  greater  abundance,  and  several  addi 
tional  species  were  discovered.  Among  the  latter  are  foa 
species  of  Archaster^  one  of  which  is  new  ;*  one  of  the  curioa 
round  sea-urchins  with  a  flexible  test  {Pkorraosoma  Sigslei) 
large  specimens  of  Dorocidaris  papiHata  ;  the  European  lichm 
cyamus  pusillus ;  three  species  ot  Spatangoids  {iSpaUmgrn  pia 
pureus,  Brissopsis  lyrifera^  both  European  species,  and  a  Schizxu 
ter^  like  S.  canaliferus) ;  but  the  last  two  were  also  taken  ii 
1880,  though  not  then  enumerated. 

The  Astrodiele  Lgmani  V.,  occurred  at  939,  1028,  1029,  \i 
abundance,  twining  its  arms  closely  around  the  branches  a 
Acanella  Normatti  V.  It  had  before  occurred  ott*  Nova  Scoti* 
in  the  same  way,  on  this  and  other  gorgonian  corals.  OjJii 
omusium  Lymani  Thomson  was  taken  several  times,  in  238- 
500  fathoms.  Several  new  ophiurans  were  taken,  some  oi 
which  have  not  yet  been  fully  examined  ;  and  at  least  one  an 
described  holothurian. 

Schizaster  canaliferus  L.  Agassiz  (?  variety). 

A  number  of  specimens  of  this  singular  Schizaster  have  beei 
taken  at  several  stations,  in  65-180  fathoms.  It  is  closdj! 
related  to  the  Mediterranean  form,  *V.  canaliferus^  and  to  the  spei 
cies,  i'.  Orbigityanus,  recently  described  from  the  Gulf  of  Me  " 
ico,  by  Mr.  A.  Agassiz.  Some  of  the  specimens  were  sent 
Mr.  Agassiz,  who  thought  them  allied  to  the  last  named  si 
cies,  but  as  he  had  no  time  to  study  them  carefully,  he  kind!] 
forwarded  specimens  of  S.  Orhlgnyanus  to  me,  for  comparii 

My  specimens  agree  exactly  with  S.  canaliferus^  in  form 
test,  in  the  shape  of  the  petals,  and  in  the  peripetalous  fa8ci< 
except  that  the  latter  runs  directly  across  the  posterior  iuterai 
bulacrum.     It  difl'ers  from  both  the  forms  named,  in  having 
lateral  fascioles  more  or  less  imperfect  or  abortive  on  the  sid( 
though  distinct  below,   where  they  join  the  subanal  fasci( 
which   is  like  that  of  S,  canaliferus.     In  some  specimens  tl 
lateral  fascioles,  although  extremely  narrow  and  faint,  can 
traced  to  the  peripetalous  fasciole,  but  in  many  cases  it  entii 
fades  out  before  reaching  it.     The  anal  area  is  usually  rooi 
or  but  slightly  elliptical.     From  S,  Orhignyanus  it  differs,  also,ij 
having  the  lower  side  more  convex  and  the  posterior  end  in( 
swollen  and  rounded ;    in  having  the  anterior  furrow  short 
broader  and  deeper;    in   having  shorter  an tero- lateral  petal^ 

♦These  species  are  A,  arcticus  Sars,  183-310  fathoms;  A.  tenuispinus  !>.  m4 
K ,  388  fathoms ;  A.  mirdbilis  Perrier  (?),  310  fathoms ;  and  A,  Bairdii,  sp.  oon 
388  fathoms. 
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ore  abruptly  bent  near  their  origin  ;  and  in  having  shorter 
id  more  ovate  posterior  petals. 

I  am,  therefore,  disposed  to  consider  this  a  geographical  vari- 
;y  of  iS  canaliferus,  with  which  it  agrees  better  than  with  S. 
>rbignyanus.     The  latter  may  also  eventually  prove  to  be  only 

more  divergent  form  of  the  same  species.  The  variation  in 
tie  lateral  fascioles  is  a  very  remarkable  one,  for  this  is  usu- 
lly  regarded  as  a  generic  feature.     It  approaches  Periaster, 

Bris$op8is  lyrifera  Agassiz. 

A  large  specimen  from  station  921^  after  immerson  for  a 
ihort  time  in  alcohol,  had  the  test  greenish  black  above, 
krk  brown  beneath,  spines  dark  olive-green.  Length,  71 
breadth,  ^\  height,  46 


mm  • 

mm 


thormosoma  Sigshei  A.  Agassiz,  Bulletin  Mus.  Cora.  Zool.,  viii,  p. 
75,  1880. 

A  specimen  from  station  1029,  after  being  in  alcohol  a  few 
koars,  had  the  test  pale  orange-brown  above,  with  a  darker 
orange-brown  skin  beneath  ;  sutures,  tubercles  and  areas  whit- 
ish: shell  pale  salmon  beneath  the  skin.  Dorsal  spines  very 
ilender,  few  and  small  toward  the  center,  glassy,  delicately 
luted  and  finely  spinulose,  whitish,  faintly  tinged  with  orange; 
Icneath,  the  spines  are  larger  and  longer  (12°*™  and  more); 
tol>ercles  large,  with  deep  areas.  Diameter  of  test,  80""; 
leight,  18,  in  the  flattened  state. 

hroeidaris  papillata  A.  Agassiz. 

Our  specimens  are  near  the  variety  ahyssicola.  The  long 
>ines  appear  nearly  smooth  to  the  naked  eye,  but  are  finely 
ated  and  minutely  spinulose;  they  increase  gradually  in  size 
T  a  short  distance  and  then  taper  very  gradually  to  the  trun- 
ite  or  slightly  excavated  tips;  the  ventral  spines  are  clavate 
id  truncate,  with  the  distal  half  strongly  sulcated  ;  those  near 
le  mouth  flat  and  curved.  Color  of  test  and  small  spines,  pale 
ink;  large  spines,  at  base,  mostly  pale  pink  above,  with  three 
r  four  broad,  faint  bands  of  dull  greenish  brown ;  scattered 
rines  (probably  reproduced),  are  dark  purplish  brown  ;  ambu- 
cral  zones  and  sutures,  greenish.  Diameter  of  test  of  largest 
lecimen,  65"";  height,  45;  length  of  largest  spines,  80;  their 
ameter,  6"". 

rchaster  Bairdii  Verrill,  sp.  nov. 

Disk,  broad  ;  arms,  broad  at  base,  tapering  rapidly  to  slender 
IS ;  the  interbrachial  spaces  have  nearly  the  form  of  a  segment 
A  circle.  Lesser  to  greater  radii,  as  1 :  2*20-2*88.  The  abac- 
lal  surface  is  covered  with  rather  large  (1 -3-1 '6""),  regular,  well- 
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defined  paxillae,  those  toward  the  center  decidedly  larger,  encli 
surmounted  by  a  regular  rosette  of  short,  bluntly  rounded,  noi 
very  small  spinules,  which,  on  the  larger  paxillae,  form  a  central 
cluster  of  12  to  20  or  more,  with  a  regular  circle  of  dighdy 
larger  ones  around  the  edge;  these  rosettes  appear  more  or  leas 
hexagonal,  and  decrease  in  size  toward  the  margins  and  on  the 
arms.  The  dorsal  area  of  the  arms  is  wide  at  base,  but  narrow 
distally.  Marginal  plates  about  20  on  each  side  of  the  arms, 
above  and  below,  rather  large,  not  very  convex,  evenly  covered 
with  rounded  granules.  Actinal  surface  with  large  triangular 
areas,  occupied  by  regular,  rather  large,  clearly  defined  paxilbe^ 
with  regular  rosettes  of  not  very  fine,  blunt  spiuulea  The 
adambulacral  plates  bear,  each,  a  group  of  about  five,  rather 
long,  slender,  tapering,  nearly  equal  spines,  which  stand  ia 
regular  longitudinal  rows,  the  edges  of  the  plates  projecting 
inward  but  slightly ;  outside  the  inner  group  of  spines,  there  if 
a  rosette  of  shorter  blunt  spines,  of  which  the  three  or  four  inner- 
most are  larger  and  longer  than  the  outer  ones,  which  are  small, 
like  those  of  the  paxillae.  Oral  plates  not  swollen,  bordered, 
on  each  side  by  seven  or  eight,  rather  stout,  vertically  flattened 
spines,  and  terminated  at  the  inner  end  by  two  decidedly  longi^ 
and  stouter  ones;  their  surface  bears  two  regular  median  rowt 
of  seven  to  nine  shorter  spinules,  and  usually  a  row  of  three  or 
four  small  ones  between  these  and  the  marginal  series.  Araba- 
lacral  feet  well  developed,  with  a  conspicuous,  concave,  te^ 
minai  sucker.  Greater  radius  of  one  of  the  largest  examples^ 
ggmm.  lesser  radius,  16°^.     Color,  when  living,  light  orange. 

Station  952,  in  388  fathoms.     Six  specimens. 

This  handsome  species  has  the  form  and  general  appearance 
of  A,  Parelii  and  A.  Agassizii  The  latter,  of  similar  size,  uso-; 
ally  has  a  rather  smaller  disk,  with  longer  and  less  rapidlj 
tapering  arms,  while  the  dorsal  paxillae,  and  especially  the  cer^ 
tral  ones,  are  not  one-fourth  as  large,  with  much  finer  and  mor^ 
crowded  spinules;  the  marginal  plates  often  bear  a  central 
spine;  the  ventral  paxillae  are  more  convex,  with  much  finei 
and  more  crowded  spinules;  the  adambulacral  spines  are  smal- 
ler, finer,  and  more  numerous  (8  to  10),  with  finer  spinules  outi 
side  of  them  ;  the  oral  plates  are  decidedly  swollen,  with  a 
crowd  of  fine  spinules  over  the  surface,  and  with  the  marginal 
spines,  more  numerous,  smaller  and  more  acute:  it  also  has 
large,  conical  ambulacral  feet,  with  a  rudimentary  sucker.       \ 

A,  Parelii  agrees  nearly  with  the  last  in  form,  but  has  still! 
longer  and  more  narrowed  arms.  From  A,  Bairdii  it  difi^ersin 
having  distinctly  smaller,  less  regular,  and  more  crowded  dorsal 
paxillae,  with  more  uneven,  granule-like  spinules;  the  adambii' 
lacral  plates  project  inward  over  the  furrows,  and  each  bean 
five  or  six  smaller,  blunt,  rough,  marginal  spinules  in  a  carved 
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x>w,  with  a  group  of  10  to  12,  or  more,  smaller,  divergent  spin- 
ales  outside  of  them ;  the  oral  plates  bear  shorter  and  stouter, 
round,  blunt,  marginal  spinules;  the  ambulaeral  feet  have  well- 
developed  suckers  ;  the  color  is  dull  red,  in  life. 

Ophioglypha  aurantiaca  Verrill,  sp.  nov. 

Disk  large,  swollen,  nearly  round,  with  small  notches,  desti- 
tute of  papillae,  at  the  bases  of  the  five  arms;  dorsal  surface 
covered  bv  very  numerous,  small,  imbricated  scales,  partially 
concealed  by  a  soft  skin ;  in  the  central  area  they  are  crowdedly 
arranged  around  one  or  more  larger  central  plates ;  the  marginal 
iDterradial  scales  are  larger  and  thicker  with  a  median  radial 
row  of  two  or  three  still  larger  ones;  ventral  scales,  convex,  un- 
equal, imbricated.  Radial  shields  convex,  irregularly  subtrian- 
gular,  with  rounded  corners  and  outer  edge,  as  broaH  as  long, 
separated  by  a  group  of  three  or  more  imbricated  disk-scales. 
Mouth-shields  shorter  than  broad,  with  an  obtuse  inner  angle, 
a  nearly  straight  outer  edge,  and  short,  notched,  lateral  edges. 
-  Si«le mouth-shields  long  and  rather  broad  oblong,  meeting  within, 
i  Mouth-papillae  very  small  and  irregular,  7  to  9  on  each  side  of 
!  nch  angle,  those  next  to  the  teeth  longer  and  pointed.  Teeth 
;. slender,  acute.  Innermost  tentacle-pore  large,  bordered  on  the 
:  outside  by  about  six  small  flat  scale?,  on  the  inner  by  about  four. 
\  Arms  somewhat  rigid,  rather  short  and  stout,  not  seen  entire; 
;  irmspines  three,  the  upper  one  rather  long  and  stout,  tapered, 
the  others  successively  shorter  and  smaller;  two  tentacle-scales. 

Lower  arm  plates  rather  small,  transversely  rhomboidal,  with 
rounded  lateral  angles,  the  four  sides  concave,  and  the  distal 
aogle  prominent;  near  the  base  of  the  arms  the  plates  are  in 
contact,  to  a  small  extent,  but  farther  out  they  are  separated 
by  the  lateral  plates.  Upper  arm-plates  large,  thickened, 
trapezoidal,  toward  the  base  of  the  arms  broader  than  long, 
broadest  distally,  the  proximal  and  distal  edges  nearly  straight : 
&rther  out  they  become  longer  than  broad,  and  much  narrowed 
proximally.  Color,  in  life,  bright  orange;  in  alcohol,  white. 
l)iameter  of  disk,  18°" ;  its  height,  7""* ;  length  of  arms  (mi- 
nus tips),  from  center  of  disk,  45"™.  Off  Martha's  Vineyard, 
192  to  310  fathoms.  Specimens  of  this  singular  species  were 
sent  to  Mr.  Lyman  for  examination  last  year.  He  considered 
it  an  undescribed  species.     It  has  no  near  allies  on  our  coast. 

Ophioglypha  confragosa  Lyman  (variety). 

This  remarkable  form  was  dredged,  both  this  year  and  last, 
sparingly,  in  238  to  410  fathoms.  The  identification  was  made 
by  Mr.  Lyman,  who  was  kind  enough  to  compare  specimens 
lent  to  him,  with  the  type-specimens  of  his  species.  His  speci- 
mens were  dredged  by  the  "  Challenger,"  off  the  La  Plata,  in 
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600  fathoms.     According  to  Mr.  Lyman,  our  specimens 
but  slightly  from  the  type. 

Color,  in  life,  j^ellowish  or  grayish  whita  It  is  easil 
tinguished  by  its  rigid  arms,  with  decidedly  swollen  joints 
conspicuously  plated,  rigid  disk ;  and  by  the  large,  supple 
ary  plate,  outside  the  mouth-shields. 

Amphiura  macileyita  Verrill,  sp.  no  v. 

A  small  species,  with  very  long,  slender  arms,  having 
slender,  acute  arm-spines.  Disk,  in  life,  nearly  round,  oiu 
coming  pentagonal  in  alcohol  or  when  dried;  upper  si 
covered  with  very  numerous,  small,  rounded,  naked,  imbr 
scales,  forming  a  more  or  less  evident  rosette  at  the  c( 
lower  side  with  more  minute  scales;  radial  shields  lon| 
narrow,  wedge-shaped,  the  outer  ends  prominent  and  in  cc 
the  inner  ends  separated  by  a  narrow  wedge  of  small  $ 
Mouth-shields  shield-shaped,  with  rounded  corners,  rather  1 
than  wide,  broadest  in  the  middle,  inner  angle  obtuse 
mouth-shields  wide.  Mouth-papilla)  five  on  each  side  o\ 
mouth-angle,  unequal  in  size,  mostly  obtusely  rounded 
innermost  one,  close  to  the  end  of  the  jaw,  is  longer  and  s 
than  the  rest,  obtuse,  separated  by  a  slight  interval  fro 
next,  which  is  the  smallest  and  most  acute;  the  next  iv 
flattened,  the  fourth  being  the  broadest;  the  outermost  is 
and  rounded.  Lower  arm-plates  oblong  shield-shaped,  1 
than  broad,  with  the  sides  and  distal  edges  nearly  straigh 
a  well-marked  proximal  angle ;  toward  the  base  of  the 
they  are  in  contact,  but  farther  out  are  separated  by  th 
arm-plates.  Tentacle-scales  two,  minute,  flat;  tentacles 
and  slender.  Arm-spines  three  divergent,  nearly  equal,  a 
swollen  at  base,  gradually  tapered,  acute,  about  as  long  a 
joints.  Upper  arm-plates  transversely  rhomboidal  with  roi 
corners  and  edges,  separated  by  the  side  arm-plates,  even  j 
base  of  the  arms.  Color,  light  gray.  Diameter  of  disk, 
average  specimen,  4™°";  length  of  arms  (minus  tips),  60°^ 

Very  abundant,  off  Martha's  Vineyard,  at  station  920, 
fathoms  ;  also  taken  sparingly  at  several  other  localities. 

This  has  been  examined  by  Mr.  Lyman,  who  does  noti 
nize  it  as  a  described  species. 


Physics  and  Chemistry.  148 


SCIENTIFIC     INTELLIGENCE. 

I.  Physics  and  Chemistry. 

On  the  Vapor-cknsity  of  the  Halogens, — Victor  Meyer  has 
ed  up  the  results  of  the  researches  made  by  himself,  by  Crafts 
y  Ztlblin  upon  the  vapor-density  of  the  halogens.  Since  Ztlb- 
^searches  have  shown  that  neither  by  chemical  nor  physical 
3  can  any  different  substance  be  obtained  from  the  vapors 
?  halogens,  it  would  appear  that  the  diminution  of  density 
•ising  temperature  must  be  due  solely  to  a  dissociation  of  the 
ule  into  its  two  atoms.  Moreover,  this  dissociation  takes  place 
readily  with  iodine  and  least  so  with  chlorine ;  a  temperature 
I  lessens  the  density  of  iodine  60  per  cent.,  causing  a  dimiuu- 
f  only  16  per  cent,  in  that  of  chlorine.  At  high  temperatures, 
ore,  the  behavior  of  the  halogens  would  seem  inverted,  cora- 
with  that  at  ordinary  temperatures.  The  separation  of  the 
»  from  each  other  in  chemical  reactions  is,  under  ordinary  con- 
is,  most  readily  effected  with  chlorine,  least  so  with  iodine; 
i<»dine  tends  strongly  to  form  the  molecule  I„  as  is  seen  in  the 
changes  where  this  halogen  is  set  free.  But  this  abnormality 
y  apparent ;  for  although  hydrogen  chloride  and  ethyl  chlo- 
*re  more  permanent  bodies  than  the  corresponding  iodides, 
nay  very  well  be  due,  not  to  the  fact  that  I  has  a  greater 
Jtion  for  I  than  CI  has  for  CI,  but  to  the  other  fact  that  chlo- 
las  a  much  stronger  attraction  for  carbon  and  hydrogen  than 
•dine.  The  behavior  of  the  halogens,  when  heated,  then  leads 
I  conclusion,  that  the  attraction  of  one  halogen  atom  for  an- 
similar  one  follows  the  same  order  as  its  attraction  for  an 
of  any  other  element.  Hence  chlorine  which  is  the  most 
I  of  the  three  halogens  is  also  the  least  readily  dissociated, 
e  which  "forms  weak  molecules  with  hydrogen,  ethyl,  etc., 
;  a  weak  molecule  with  iodine.  Bromine  is  intermediate  in 
directions.  The  author's  expenments  have  also  shown  the 
L'iation  of  the  molecules  P^  and  As^  toward  P,  and  As,.  Fer- 
?hloride  vapor,  which  at  low  temperatures  is  Fe,Cl^,  is  FeCl, 
gh    ones. — Ber,    Berl.  Chem,  Ges,,   xiv,   1453,   July,   1881. 

G.  p.  R 
On  an  Air-thermometer  conveniefit  Jvr  Chemical  purposes. — 
growing  necessity  for  accunitely  determining  temperatures 
e  350'^  C,  and  the  absence  of  any  means  of  doing  this,  led 
sin  1878  to  propose  a  modification  of  the  air-thermometer 
ted  to  such  uses.  Andrews  has  now  described  a  still  sim- 
form  of  this  instrument.  The  thermometer  part  consists  of  a 
lary  tube  bent  twice  at  right  angles,  on  one  end  of  which  is 
lib  of  about  1  c.  c.  capacity  and  on  the  other  a  wider  tube 
It  15  cm.  long.  At  the  point  where  the  tube  widens  is  a  point 
lack  glass  to  serve  as  an  index,  and  in  the  middle  of  the  wide 
\  is  a  glass  cock.     To  the  end  of  this  wide  tube  is  attached  a 
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rubber  tube  with  two  brunches,  oue  oi'  which  goes  to  a 
manometer  and  the  other  to  a  rubber  bag.     The  bag,  the  ma 
ter  and  the  wide  tube  are  filled  with  mercury.     To  make  an 
vation,  the  rubber  bag  is  compressed  till  the  mercury  rises 
black  glass  index  and  the  height  of  the  mercury  column 
manometer  is  noted.     The  thermometer  bulb  is  then  expos 
the  temperature  to  be  measured,  the  column  again  adjust e< 
the  new  height  noted.     From  these  data  and  the  constants  < 
instrument,  the  temperature  may  be  calculated.     With  this 
rat  us,  the  boiling  point  of  sulphur  was  found  to  be  447**,  tl 
phosphoric  sulphide  627**,  and  that  of  phenyl  phosphate  4( 
Ber.  BerL  Chem.  Ges.^  xiv,  2116,  Oct., 1881.  <;.  f 

3.  On  the  existence  of  Phosphorous  oxide, — Keinitze 
examined  the  product  obtained  w^hen  phosphorus  is  burne( 
limited  supply  of  air,  which  product  is  stated  in  the  books 
phosphorous  oxide,  P.O,.  This  body,  when  dissolved  in 
under  suitable  conditions,  affords  a  gold-yellow  solution  \ 
coagulates  gradually  on  standing  but  at  once  on  being  heat 
80°,  and  possesses  the  properties  of  Leverrier's  solution  ( 
phosphate  of  phosphorus  oxide.  A  study  of  this  solution  si) 
that  the  yellow  phosphorus  compound  which  it  contained 
true  colloid  in  whose  molecule  the  phos])horns  and  the  o> 
exist  in  the  ratio  2:3,  so  that  provisionally  the  formula  (P 
(HO)  „  may  be  assigned  to  it.  Being  a  colloid  body  dialysi 
nished  a  means  of  obtaining  it  pure.  In  this  condition,  it  i 
perfectly  neutral,  and  its  dilute  solution,  like  that  of  other  col 
18  not  coagulated  by  boiling,  but  only  by  the  addition  of  aci 
saline  bodies.  To  the  product  obtained  by  combustion,  tliei 
author  assigns  the  formula  P/),  or  better  P^O^.  But  it  cann 
considered  as  the  anhydride  of  phosphorous  acid  since  its  aqi 
solution  reacts  neutral  and  contains  a  yellow  colloid. — Ber. 
Chem.  Ge^.y  xiv,  1884,  September,  1881.  g.  f. 

4.  On  the  Preparation  of  spontaneonsly  inflanmiahle  Uyih 
phosphide, — Bkossler  has  re-examined  II.  Davy's  statement 
the  action  of  zinc  upon  dilute  sulphuric  acid  in  presence  of  g 
lated  phosphorus,  produces  spontaneously  inflammable  phos| 
Dumas  in  1826  having  asserted  that  the  gas  evolved  was  hydn 
mixed,  when  the  solution  was  heated,  with  phosphorus  v 
Brossler  confirms  Davy's  assertion  and  finds  that  when  some  \ 
of  common  phosphorus  are  placed  in  a  mixture  of  dilute  sulp 
acid  and  zinc,  a  regular  evolution  of  gas  takes  place  forming 
bios  on  the  surface  w^hich  break  and  ignite  spontaneously,  giv 
brilliant  light  and  a  white  smoke.  The  reaction  is  most  satisfii 
when  the  liquid  has  a  temperature  of  40°  to  50°  C,  though 
it  has  once  commenced  it  continues  even  at  the  temperatii 
20°.  The  iras  evolved  is  readily  absorbed  by  solution  of  c< 
sulphate.  The  author  finds  the  same  result  to  take  place 
potassium  hydrate  solution  acts  on  zinc  and  ])hosphorus  at  6 
The  hydrogen  phosphide  evolved  by  the  action  of  hydrocl 
acid  upon  tin  in  presence  of  phosphorus  is  the  ordinary  vs 
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laneously  inflammable.     But  upon  the  addition  of  a  few 
nitric  acid  to  the  mixture  the  gas  inilames  spontaneously. 

3erl.  Chem,  Ges,^  xiv,  1767,  Sept.,  1881.  g.  f.  b. 

Ammonium  trihromide. — Roozeboom  finds  that  when  to 

ted  solution  of  ammonium  bromide,  sufficient  bromine  is 

0  form  H^NBr,,  and  the  whole  is  placed  over  sulphuric 
a  few  days,  large  prismatic  crystals  are  formed,  having 

r  of  potassium  dichromate.  The  heat  of  their  formation 
derable.       When    a    solution    of    9.8   grams   ammonium 

in  18-93  granis^ water  is  mixed  with  8*39  ^rams  bromine, 
>erature  rises  from  2(f  to  28*6°  C.  At  ordinary  tempera- 
e  crystals  lose  the  excess  of  bromine  in  from  one  to  two 
at  50°,  in  ten  minutes.     They  are  not  hygroscopic  and 

readily  in  water.  By  drying  the  crystals  in  an  atmo- 
)f  bromine,  they  were  prepared  for  analysis.  This  was 
:  1st,  by  estimating  the  loss  of  weight  at  100°  ;  and  2d, 
:ing  the  iodine  set  free  when  a  weighed  portion  of  the 
de  was  put  into  a  solution  of  potassium  iodide.  The 
confirmed  the  formula  H^NBr .  No  di bromide  appeared 
)rmed,  but  from  the  continued  solution  of  the  bromine 
litional  evolution  of  heat,  the  author  infers  the  existence 
Uabromide,  H^NBr^. — Ber.  Berl.  Chem,  Qes.^  xiv,  2398, 

^81.  G.  F.  B. 

1  the  Petrohiim  of  the  Caucasus, — Bkilstkin  and  Kur- 
lave  continued  their  examination  of  the  petroleum  found  in 
casus  and  liave  now  given  the  results  of  their  investiga- 
the  oil  from  Zarskije  Kolodzy,  in  Tiiiis.  The  wells  there 
to  Siemens  &  Halske  of  Berlin,  from  whom  the  samples 
d  were  obtained.  This  petroleum  is  much  lighter  than 
m  Baku  and  yields  a  larger  quantity  of  volatile  fractions. 
f  these  were  at  first  obtained,  boiling  respectively  between 
,  :o°-75°  and  95°-100°.  The  first  fraction  consisted  of  pen- 
d  was  a  mixture  of  nearly  equal  parts  of  normal  pentane 
(cntane.  From  the  second  fraction  hexane  was  isolated  ; 
igh  the  boiling  point  was  correct,  analysis  showed  a  defi- 
•f  hydrogen  and  the  specific  gravity  was  too  high.     Sus- 

the  presence  of  the  addition-products  of  the  aromatic 
>rresponding  to  the  formula  C„H  „,  the  liquid  was  treated 
omine  and  with  concentrated  nitric  acid  in  order  to  de- 
em. The  suspicion  was  confirmed  by  the  fact  that  after 
itment  the  liquid  possessed  all  the  properties  of  normal 
The  third  fraction  consisted  of  heptane,  from  which,  by 
nt  with  fuming  sulphuric  acid,  traces  of  benzene  and  tolu- 
e  obtained.  It  would  therefore  appear  that  the  petroleum 
tntral  Caucasus,  unlike  that  from  the  Caspian  Sea,  consists 
lly  of  the  hydrocarbons  C^H^„^.,,  like  American  petroleum, 
tains  small  quantities  of  the  aromatic  hydrocarbons  C^H^..^, 
ir  addition-products  C'«H^„.  Treatment  of  the  crude  petro- 
th  nitric  acid  of  ro2  sp.  gr.  gave  volatile  crystals,  which  were 
d  in  relatively  greater  quantity  from  the  fraction  boiling 
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between  40°  and  50°.  liecrystallized  from  alcohol,  they  appeared 
as  biilliant  broad  needles,  fusing  at  95°-96°,  insoluble  in  water 
but  easily  soluble  in  boiling  alcohol,  in  ether,  petroleum  naphtha, 
carbon  disulphide,  etc.  On  analysis  they  gave  the  formula 
C^H^(NO,)  which  is  that  of  dinitrobutane. — Ber,  Berl,  Chem.  Ges.^ 
xiv,  1620,  July,  1881.  g.  f.  b. 

1,    On   the  reactio?i8  of  Chinoline. — The  antiseptic  and  anti- 
pyretic properties  of  chinoline  having  .led  to  its  extensive  intro- 
duction into  commerce,  Donath  has  given  the  following  reactions 
of  this  base,  by  which  its  presence  may  b,e  recognized :  (I)  Chin- 
oline salts  in  aqueous  solution  are  precipitated  milky-white  by 
alkali-hydrates.     The  precipitate  is  difficultly  soluble  in  excess, 
but  readily  soluble  in  ether,  benzene,  alcohol,  less  readily  in  CS,, 
chloroform  and  amyl  alcohol.     Sodium  carbonate  precipitates  the 
solution  white  with  evolution  of  carbon  dioxide.     (2)  Ammonia 
precipitates  chinoline  salts,  white,  the  precipitates  being  pretty 
easily  soluble  in  excess.     (3)  Iodine  in  potassium  iodide  solution 
(7  parts  KI,  5  parts  I  in  100  H,0)  j)roduce8  a  red-brown  precipi- 
tate,  insoluble    in    hydrochloric    acid.      Delicacy    1 :  25000.    (4) 
Phosphomolybdic  acid   (10  parts  sodium   phosphomolybdate  in 
100  water  made  strongly  acid  with  nitric  acid)  gives  with  a  chinoline 
solution  acidulated  with  nitric  or  hydrochloric  acid,  a  yellowish 
white  precipitate  easily  soluble  in  ammonia.     Delicacy  1  :  25000. 
(5)  Picric  acid  (1  part  to  100  water)  gives  a  yellow  amorphous 
precipitate,  soluble  in   alcohol,  difficultly  in    hydrochloric  acid, 
easily  with  a  reddish-yellow  color  in  potassium  hydrate.     Deli- 
cacy   1  :  17000.     (6)    Slercuric  chloride  (5   parts  to   100  water) 
gives  a  white  flocculent  precipitate,  readily  settling,  soluble  in 
hydrochloric   acid,   difficultly  in    acetic   acid.      Separated  from 
dilute  solutions  in  crystalline  needles.      Delicacy   I  :  5000.    (7) 
Potassium-mercuric  iodide  (5  parts  KI,  1*4  parts  HgCl^  and  100 
parts  IIjO)  gives  a  yellowish-white  amorphous  ])recipitate,  which 
on  the  addition  of  hydrochloric  acid,  is  converted  into  slender 
amber-yellow  needles.     This  reaction  is  characteristic  and  its  deli- 
cacy is  1  :  3500.     (8)  Potassium   ferrocyanide  produces  a  yellow 
color,  and   on  the  addition   of  a  mineral   acid,  a  reddish-yellow 
amorphous    precipitate   falls   which    soon    becomes    crystalline. 
Delicacy   1  :  1000.     (9)  Potassium   dichromate,  carefully  added, 
forms  fine  dendritic  crystals  soluble   in  excess  of  the  reagent.— 
Ber,  Berl.  Chem.  Ges.,  xiv,  1769,  Sept.  1881.  o.  f.  b. 

8.  On  the  theory  of  the  Pepto7\es. — Poehl  has  experimentally 
confirmed  a  theory  of  the  formatrion  of  peptones  proposed  in  1873 
by  Eichwald ;  i.  e.,  that  liquid  albumen  in  contact  with  animal 
tissues  at  the  temperature  of  the  body  is  converted  into  peptone. 
This  he  has  doiie  not  only  by  repeating  Eichwald's  experiments, 
but  by  extending  the  statement  to  albuminates  in  various  states, 
even  coagulated.  He  believes  that  all  albuminates  are  converted 
into  peptone  by  contact  with  animal  and  ])lant  tissues.  The 
formation  of  pej)tone  for  example,  when  lung  or  kidney  tissues 
act  at  blood-heat  on  swollen  fibrin  takes  ])lace  as  enerufeticallv  as 
the  action  of  pe[)sin.     The  view  of  Eichwald  that  between  the 
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albuminates  and  the  peptones  various  transition* forms  exist, 
ending  simply  on  various  states  of  hydration,  the  author  has 
confirmed  by  finding  that  peptone  by  treatment  with  de- 
rating agents,  as  alcohol  and  alkali-salts,  is  reconverted  into 
npitable  albumen. — Ber,  Berl.  Chem.  Ges,^  xiv,  1355,  June, 
1.  G.  p.  B. 

.  On  the  existence  of  Allantoin  in  Vegetables, — The  young 
ots  and  leaves  of  trees  contain,  as  is  well  known,  asparagin 
ich  comes  probably  from  the  splitting  up  of  albuminates, 
lieving  that  other  nitrogenous  bodies  ought  to  be  simultane- 
ily  formed,  Schulze  and  Barbiebi  have  examined  the  freshly 
?ned  buds  of  the  plane  tree  (Platanus  orientalls)  for  these  sub- 
nces  and  have  found  a  body  apparently  identical  Avith  allan- 
n.  The  young  shoots,  dried,  were  extracted  with  hot  water, 
» extract  decomposed  with  lead  acetate,  the  filtrate  freed  from 
il  and  evaporated.  In  12  to  24  liours,  crystals  of  the  new 
dy  separated,  mixed  with  asparagin.  The  latter  may  be  sepa- 
Led  by  fractional  crystallization  or  by  converting  it  into  the 
mparatively  insoluble  copper  compound.  The  filtrate  from  this 
ter  removing  the  copper  by  H,S,  yields  small,  brilliant  crystals, 
ficultly  soluble  in  cold  water,  and  giving  the  well-known 
ercury  and  silver  reactions  of  allantoin.  Analysis  gave  the 
rniula  C\lI^N^O^.  The  occurrence  of  this  uric  acid  derivative  in 
e  vegetable  kingdom  is  highly  interesting. — Ber,  Berl,  Chem, 
^$.,  xiv,  1602,  July,  1881.    "  "  G.  F.  B. 

10.  Observations  upon  Klangfurbe, — Dr.  Rudolph  Konig  dis- 
isf^es  the  question  of  the  origin  of  harmonic  tones  and  partial 
nes  and  investigates  the  connection  between  Klangfarbe  and  the 
lange  of  phase  of  the  pendulum  movements  involved  in  the  pro- 
iction  of  sound  waves.     He  does  not  find  that  tuning  forks  kept 

motion  by  electrical  means  and  provided  with  resonators  give 
ue  or  concordant  results,  and  has  accordingly  constructed  a 
rm  of  siren  by  means  of  which  the  influence  of  the  form  of  pen- 
iilum  movement  upon  the  color-tone  can  be  studied  without  the 
isturbing  influence  of  resonators.  Diflerent  forms  of  sinusoidal 
irves  representing  pendulum  movements  in  various  phases  are 
It  upon  the  edge  of  thin  iron  rings  which  are  arranged  in  a  con- 
al  form  upon  an  axle.  These  rings  can  be  rotated  in  front  of 
arious  blast  pipes  from  a  wind  bellows  and  the  blast  pipes  can 
e  directed  either  upon  the  summit  of  the  waves  or  between  the 
evations.  Discussions  of  the  results  afforded  by  this  apparatus 
re  given. — Aim,  der  Physik  und  Chetnie^  No.  11,  p.  369.      j.  t. 

11.  W,  Siemens  upon  the  Dynamo- Electric  Machine. — This 
aper  is  in  a  certain  sense  a  reclamation.  The  history  of  the  de- 
elopment  of  the  dynamo-electric  machine  is  given  as  far  as  it 
elates  to  the  author's  investiLtations.  The  development  of  heat 
1  the  machine  is  considered,  and  it  is  maintained  that  the  so- 
alled  Foucault  currents  are  not  the  only  cause  of  the  heat  which 
s  developed  in  rotating  iron  armatures.  When  these  armatures 
ire  divided  into  thin  plates  separated  by  insulating  media,  in  order 
0  break   up  the  currents  of^  induction,  the  iron  w^as  still  very 
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much  heated.  This  heating  is  attributed  to  the  sudden  reve 
of  magnetism  when  the  magnetization  approaches  the  maxii 
of  the  magnetic  capacity  of  the  iron.  In  the  transmissio 
power  by  electricity  one-half  of  the  useful  effect  is  consume^ 
the  development  of  heat,  and  in  the  development  of  magnetic  e 
where  it  can  not  be  practically  utilized.  This  loss  is  a  serious  di 
back  to  the  future  of  the  electrical  transmission  of  power.  The 
lowing  considerations  should  be  observed  in  the  constructioi 
dynamo-electric  machines: 

(1:)  All  disposition  of  conductors  which  does  not  conduce 
electro-motor  effects  should  be  avoided. 

(2.)  The  conductivity  of  all  wires  employed  to  produce  s 
effects  should  be  as  great  as  possible. 

(3.)  Metals  should  be  arranged  so  as  to  avoid  Foucault  ( 
rents. 

^4.)  The  magnetism  of  the  electro-magnets  should  be  fi 
utilized  in  the  most  direct  manner. 

(5.)  The  division  of  the  windings  of  the  inducing  wires,  throi 
which  currents  of  changing  direction  flow,  should  be  as  small 
possible;  the  number  of  divisions  should  be  made  as  large  as  j 
sible  to  avoid  the  extra  currents  which  arise  with  each  change 
current. 

The  Hefner  von  Alteneck  machine  and  the  Gramme  mach 
are  then  discussed  from  the  point  of  view  of  the  above  conside 
tions.  The  advantages  of  a  new  construction  of  Siemens'  an 
ture,  in  the  so-called  '*Topfmaschine"  is  dwelt  upon,  and  so 
measures  of  the  effects  of  a  machine  based  upon  the  principle 
Unipolar  Induction  are  given. — Ann.  der  Physik  und  Chen. 
No.  11,  1881,  pp.  469-483.  j.  t 

12.  Theory  of  the  rotation  of  the  plane  of  Polarizatiofi  ofLig 
— Both  the  ordinary  and  the  magnetic  rotation  of  the  plane 
polarization  of  light,  E.  Lommel  considers  can  be  fully  explaii 
by  the  mathematical  discussion  of  the  following  hypotheses: 

(1.)  The  ether  contained  between  the  molecules  of  bodies  1 
the  same  properties  as  the  free  ether. 

(2.)  Between  the  ether  and  the  particles  of  the  body  an  effi 
can  be  produced  analogous  to  those  produced  by  friction,  whi 
is  proportional  to  their  relative  velocities. 

(3.)  Each  particle  is  affected  by  an  elastic  force  peculiar  to  i1 

(4.)  Each  particle  is  influenced  by  a  resistance  proportional 
its  velocity. 

Electrical  currents  circulating  about  the  molecules  must 
influenced  by  the  above  retarding  causes.  The  mathematical  d 
cussion,  based  upon  the  above  hypotheses,  leads  to  results  whi 
agree,  on  the  wnole,  very  well  with  Verdet's  observations  on  i 
change  of  the  plane  of  polarization  of  light  in  bisulphide  of  carl) 
and  in  kreosote.  The  author  considers  that  the  divergence  of 
suits  obtained  by  Maxwell's  formula  from  the  observed  results 
kreosote,  proves  its  untrustworthiness.  Lommel's  theory  also  i 
plains  the  non-magnetic  rotation  of  the  plane  of  polarization. — An 
der  Physik  und  ('heutie,  No.  II,  I8sl,  pp.  52.<-5:;4.  j.  t. 
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13.  On  the  Electrical  Hesistance  of  a  Vacuum.  —  Professor 
lliind,  of  Stockholm,  in  a  memoir  presented  to  the  Swedish 
cademy  in  April,  1881,  has  reviewed  the  results  of  the  long 
ries  of  experiments  made  by  various  physicists  during  the  past 
jntury,  and  bearing  upon  the  question  as  to  the  degree  of  resis- 
inee  which  a  vacuum  opposes  to  the  passage  of  an  electrical  cur- 
ent.  His  conclusions  differ  materially  from  those  which  have 
)een  ordinarily  accepted.  That,  as  has  been  shown  by  different 
fxperiraenters,  electricity  cannot  pass  through  a  nearly  perfect 
racuum,  is  not  questioned,  but  this  is  regarded  to  be  due  not  to  a 
qidden  increase  in  resistance  of  the  vacuum  itself,* but  to  the 
resistance  of  the  passage  of  the  electricity  from  the  electrodes  to 
:he  surrounding  medium.  Representing  by  r,  the  specific  resist- 
ince  in  a  column  of  gas  of  unit  length,  and  by  r  the  resistance  to 
he  passage  from  the  electrode  to  the  medium,  then  the  total  resist- 
ince  for  a  tube  of  length  /  will  be  r+^,  l-  Professor  Edlund 
irgues  that  experiments  prove  that  as  the  medium  is  rarefied  the 
icnsion  of  the  electricity  needed  for  a  discharge  diminishes  up  to 
I  certain  limit  (depending  upon  the  distance  between  the  elec- 
Todes,  the  width  of  the  tube,  surface  of  the  negative  electrodes, 
ind  so  on),  after  which  it  must  increase.  As  r„  for  theoret- 
cal  reasons,  diminishes  as  the  rarefaction  is  increased,  this  fact 
ust  stated  can  be  explained  only  by  assuming  that  r  increases 
with  the  rarefaction  ;  for  ordinary  pressures  r  is  very  small  com- 
pared with  r,  and  can  be  neglected,  and  then  it  follows  that  the 
tension  needed  for  a  discharge  is  proportional  to  the  distance. 
As  the  pressure  is  diminished  r  increases  and  r,  decreases,  and 
then  the  tension  necessary  for  a  discharge  increases  with  the  dis- 
tance between  the  electrodes  but  in  a  smaller  ratio.  When  the 
rarefaction  is  great,  r^  can  be  neglected  as  compared  with  r,  and 
then  the  tension  is  independent  of  the  distance.  Professor 
Edlund  states  various  observations  confirmatory  of  these  conclu- 
sions and  concludt^s  finally  that  "  a  vacuum  is  a  conductor  of 
electricity,"  and,  further,  that  the  assumption  that  the  presence  of 
ordinary  matter  is  necessary  for  the  passage  of  the  electrical  cur- 
rent cannot  be  maintained. 

14.  An  Elementary  IVeatise  on  Electricity  ;  by  James  Clerk- 
3Iaxwell,  M.A.,  edited  by  William  Garneit,  M.A.      208  pp. 
with  6  plates.     Oxford,  1881  (Clarendon  Press). — The  larger  por- 
tion of  the   present  vohmie   was   written  by  the  late  Professor 
Maxwell,  some  seven  years  ago,  and  a  part  of  it  was  used  by  him 
in  his  Ipctures  on  electricity  at  Cambridge.     Unfortunately,  other 
lahors  caused  the  author  to  defer  the  completion  of  the  work,  and 
at  the  time  of  his  death  only  about  one-half  was  entirely  finished. 
The  manuscript  of  a  portion  of   the  remainder  of  the  volume,  as 
originally  planned,  was  partially  completed,  while  some  import- 
ant subjects  were  yet  untouched.     The  volume,  as  now  presented 
to  the  public,   is,   however,  far  from   giving  the    impression   of 
incompleteness  which   might  be  inferred  from  the  above  state- 
ments, for  the  editor  with  wise  discretion  has  filled  the  vacant 
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places  by  selections  from  Professor  Maxwell's  well-known  lai 
work  on  Electricity  and  Magnetism,  That  this  is  necessa 
accompanied  by  a  loss  of  strict  homogeneity  and  an  occasic 
sacrifice  in  the  logical  order  of  treatment  of  individual  topic 
obvious,  but  while  this  makes  us  reijret  anew  that  the  auth< 
labors  were  so  prematurely  interrupted,  it  does  not  seriou 
affect  the  value  of  the  book  nor  prevent  it  from  accomplishing 
end  for  which  it  was  planned.  The  author's  design,  as  is  stai 
in  the  fragment  of  the  preface  which  he  left  for  us,  is  to  "  presi 
in  as  compact  a  form  as  possible  those  phenomena  which  app 
to  throw  light  on  the  theory  of  electricity,  and  to  use  them  ci 
in  its  proper  place  for  the  development  of  electrical  ideas  in  1 
mind  of  the  reader."  There  are  many  conscientious  students 
electricity  who  are  unable  to  master  the  mathematical  methods 
Professor  Maxwell's  larger  treatise  and  yet  who  desire  to  obtj 
an  accurate  knowledge  of  the  fundamental  theories  of  the  subjei 
to  them  the  present  volume,  in  which  mathematical  analysis  is 
general  avoided,  will  be  invaluable.  In  fact  it  would  be  impo^ 
ble  for  any  one,  however  far  advanced,  not  to  gain  new  ideas  or 
see  old  ones  in  a  clearer  light,  after  a  careful  study  of  Profe« 
Maxwell's  lucid  exposition  of  the  subject. 

15.  Tables  of  Qualitative  Analysis  ;  arranged  by  H.  G.  Madji 
M.A.,  F.C.S.  20  pp.  4to.  Oxford,  1881  (Clarendon  Pres 
— These  tables  present  a  synopsis  in  an  unusually  convenic 
form  of  the  steps  through  which  a  student  must  go  in  examinii 
qualitatively  any  ordinary  substance,  simple  or  compound.  T 
instructions  given  under  the  successive  heads  are  necessarily  ve 
brief,  so  that  the  student  must  either  already  have  consideral 
knowledge  or  else  receive  constant  assistance  from  an  instnict< 
A  proper  use  of  such  tables  is  very  useful  in  systematizing  t 
knowledge  of  the  student,  but  it  is  possible  for  him  to  use  the 
too  mechanicallv. 

II.  Geology  and  Mineralogy. 

1.  International  Geological  Congress  at  Bologna, — The  8< 
sions  of  the  International  Congress  began  at  Bologna  on  the  26 
of  September  and  continued  for  one  week.  The  following  resu 
of  the  Congress  are  taken  from  a  report  of  the  Secretary,  M. 
Dewalquk,  of  Belgium,  published  in  the  Proceedings  of  the  G( 
logical  Society  of  Belgium. 

With  regard  to  geological  maps,  it  was  decided  that  a  chart 
Europe  should  be  published,  on  49  sheets,  the  scale  1:  1,500,0( 
The  chart  is  to  be  executed  at  Berlin  under  the  direction  of  M! 
Beyrich  and  Hauchecorne,  assisted  by  an  international  co 
mittee  of  four  members  from  other  countries,  M.  Mosisjovics  1 
Austria,  M.  Daubrke  for  France,  Mr.  Topley  for  Great  Brita 
M.  Giordano  for  Italy,  and  M.  de  Moller  for  Russia,  wi 
M.  RENE^^ER,  of  Switzerland,  as  Secretary. 

The  subject  of  the  nomenclature  for  the  series  of  geological  f< 
mations  was  also  considered  and  the  following  conclusion  reach( 
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it  for  the  highest  division  the  term  Group  be  used ;  that 
term  for  the  next  lower  range  of  subdivisions  be  System ; 
the  third,  Series  (Section  in  French,  Abtheilung  in  Ger- 
n)  ;  for  the  fourth,  Stage ;  that  for  the  lowest,  Assise  or 
uebe  in  French.  Formation  was  not  adopted  for  either  of 
i  higher  subdivisions  because  it  is  so  often  used  with  refer- 
ee to  mode  of  origin,  and  also  for  rocks  of  a  kind  without 
erence  to  age ;  and  Terrain,  because  it  could  not  be  introduced 

0  the  German  and  Russian  languages.  By  the  above,  the 
ence  will  have  a  Paleozoic  group,  a  Silurian  system,  a  Trenton 
'Us,  and  so  on. 

The  corresponding  terms  having  reference  to  time  in  geological 
jtory  that  were  recommended  by  the  Congress  are,  in  descend- 
y  order,  Era,  Period,  Epoch,  Age.  The  position  of  the  subdi- 
jion  Age  is  not  well  chosen.  In  English  if  it  is  desired  to  express 
e  idea  of  indefinite  time,  we  say  the  ages  of  the  past — periods 
»viDg  limits,  and  epochs  being  strictly  times  of  the  occurrence 
particular  events ;  and  it  is  hence  hardly  practicable  to  apply 
e  word  Age  to  a  subdivision  of  an  Epoch  in  Geology. 
It  was  recommended  that  the  scale  for  a  chart  of  Central  Europe 
f  1 :  500,000.  It  was  proposed  also  that  in  the  coloring  of 
!ological  maps  the  colors  which  shall  be  used  on  the  geological 
art  of  Europe  be  those  as  nearly  as  possible  that  shall  hereafter 
'  generallv  adopted.  Rose-carmine  will  have  the  preference  for 
e  crystalline  schists  unless  shown  to  be  of  Cambrian  or  later 
;e;  violet  for  the  Triassic,  blue  for  the  Jurassic,  green  for  the 
retaceous,  and  yellow  will  be  reserved  for  the  Cenozoic  group, 
he  Dotation  in  letters  on  the  map  will  be  based  on  the  Latin 
phabet;  the  letters  used  will  be  the  initials  (capital)  of  the  name 
'the  system;  and  an  additional  letter  or  numeral  for  subdivisions 

1  the  system,  the  numbering  starting  from  the  oldest  included 
ibdivision.  For  eruptive  rocks  the  same  rule  will  be  followed, 
tcept  that  the  Greek  letter  will  be  employed  in  place  of  the 
atiii. 

The  directors  of  the  International  chart  of  Europe  will  meet  at 
le  extraordinary  session  of  the  Geological  Society  of  France  in 

382,  and  that  of  the   Helvetic  Societv  of  Natural  Sciences  in 

383,  in  order  to  explain  the  condition  of  their  work ;  and  the 
Ko  Committees  of  the  International  Congress  will  also  be  present. 

Some  general  rules  also  with  regard  to  nomenclature  were 
lopted:  one  that  priority  beyond  the  12th  edition  of  Linnieus's 
yslema  shall  not  have  authority ;  and  another — which  will  be 
uestioned  by  many,  though  good  in  purpose  and  in  its  conse- 
aences — that,  in  future,  priority  for  specific  names  shall  not  be 
Tevocably  acquired  unless  the  species  shall  have  been  not  only 
escribed  but  also  Jig  n  red. 

The  third  meeting  of  the  Conofress  will  be  held  in  Berlin  in  1884. 

2.  Notice  of  the  discovery  of  a  Poecilopod  in  the  Utlca  slate 

'ormation. — Through  the  courtesy  of  my  friend.  Rev.   William 

!J.  Cleveland,  of  Holland  Patent,  Oneida  County,  New  York,  I 

Am.  Joue.  Set.— Thibd  Series,  Vol.  XXUI,  No,  134.— Febbuart,  1882. 
11 
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am  able  to  call  attention  to  the  discovery  of  the  remains  of  a  large 
Pcecilopod  in  the  Utica  slate,  north  of  that  village.  The  remains 
consist  of  a  large  endognathary  arm  of  seven  or  nine  joiuts, 
provided  with  long  backward  curving  sabre-like  spines,  and  a 
portion  of  a  thoracic  somite,  probably  one-half  of  the  ventral  sur- 
face of  the  anterior  somite.  For  this  species  I  propose  the  name 
EurypteruB?  Clevelandi^  n.  sp.,  and  will  give  a  detailed  descrip- 
tion with  figures  of  the  specimens,  in  a  future  number  of  the 
Journal.  c.  d.  walcott. 

New  York,  Jan.  10,  1882. 

3.  Coed-Field  near  Canon  City^  Colorado. — Professor  J.  J. 
Stevexson  has  described,  with  detailed  sections,  this  valaabic 
coal-field  in  a  paper  published  in  the  Proceedings  of  the  American 
Philosophical  Society  for  October  7,  1881  (p.  505).  It  occnrs  in 
a  small  area  of  Laramie  rocks  lying  along  the  eastern  foot  of  tbe 
Greenhorn  Mountains.  In  a  generalized  section  of  the  bedi 
thirteen  coal  beds,  from  six  inches  to  six  feet  in  thickness  (num- 
bered A  to  M),  alternate  with  shale  and  sandstone.  At  the  .j 
Cafion  City  Coal  Company's  shaft,  at  Rockvale,  there  are  cod 
beds,  A  to  H,  in  a  thickness  of  341^  feet.  The  sandstone  above 
No.  H  at  some  places  contains  the  fucoid  Halymenites  major \a 
great  abundance ;  and  this  fossil  occurs  in  other  localities  in  the 
sandstone  of  the  same  horizon,  and  occasionally  also  at  the  baie 
of  the  series ;  the  thickness  of  the  beds  between  the  upper  and 
lower  limits  is  over  400  feet.  Professor  Stevenson  states  that  be 
had  before  found  the  same  fossil  abundantly  (this  Journ.,in,  xri^ 
370),  along  with  dicotyledonous  leaves,  in  a  sandstone  shown  by 
other  fossils  to  be  of  the  Fox  Hills  group,  and  that  he  had  »1» 
found  the  fucoid  in  a  sandstone,  60  to  80  feet  thick,  of  the  Trini- 
dad coal-field  of  Southern  Colorado  and  Noithem  New  Mexico^ 
but  not  below  or  above  this  sandstone;  and  he  had  recognized  the 
bed  as  marking  the  base  of  the  Laramie  group.  The  sandstone 
occasionally  holds  a  coal  bed,  and  at  one  place  contained  a  ftw^ 
dium-Wka  niollusk,  too  imperfect  for  determination. 

4.  The  Paleolithic  Imptements  of  the  Valley  of  the  Delawan. 
25  pp.  8vo.  Proc.  Boston  Soc.  Nat.  Hist,  for  Jan.  19,  1881.— 
This  pamphlet  is  a  collection  of  short  papers  on  the  Delaware 
Vallev  paleolithic  implements,  s^fverally  by  .Messrs.  C.  C.  Abbott, 
the  discoverer  of  them,  H.  \V.  Haynes,  G.  F.  Wright,  Lucior 
Carr  and  M.  E.  Wadsworth,  with  concluding  remarks  by  F.  W, 
Putnam.  Mr.  l*utnam  closes  his  remarks  respecting  these  very 
interesting  discoveries  and  his  own  visit  to  the  locality,  as  followes 

"As  Dr.  Abbott  has  stated,  in  his  historical  summary  of  the 
discovery  of  the  implenjents  in  the  gravel,  it  has  been  my  good 
fortune  to  take,  with  my  own  hands,  ^\q  unquestionable  pal«o* 
lithic  implements  from  the  gravel  at  various  depths  and  at  diffe^ 
ent  points.  The  relation  of  the  circumstances  under  which  one 
of  these  was  found  will  be  sufiicient  to  convince  vou  that  the 
implement  was  in  the  position  where  it  was  buried  by  the  four 
feet  of  gravel  which  had  been  deposited  over  it. 
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A  short  dislanoe  from  Dr.  Abbott's  house  and  very  near  where 

the  Trenton  gravel  joins  the  marine  gravel,  there  is  a  deep  gully 

through  which  flows  a  small  brook.    In  this  gully  the  gravel  bank 

18  constantly  washing  away  and  presenting  new  surface  exposures. 

After  a   heavy  rain  in   June,  1879,  1  visited   the  spot  with  Dr. 

Abbott  and  his  son.     Here  I  noticed  a  small  boulder  of  about  six 

or  eight  inches  in  diameter,  projecting  an  inch  or  two  from  the 

face  of  the  bank,  about  four  feet  from   the  surface  of  the  soil 

above;  I  worked  the  stone  from  the  gravel  in  which  it  was  firmly 

imbediled  afid  drew  it  out.     At  the  back  part  of  the  cavity  thus 

made  I  noticed  the  pointed  end  of  a  stone,  and  after  working  it 

up  and  down  a  few  times,  so  as  to  loosen  the  gravel  about  it,  I 

drew  out  the  implement  now  exhibited. 

On  the  same  day  I  discovered  a  second  specimen  in  place,  eight 
feet  from  the  surface,  and  Dr.  Abbott's  son  Richard  found  another 
about  four  feet  from  the  surface.  These  thi'ee  specimens  were 
found  within  twenty  or  thirty  feet  of  each  other,  after  a  heavy 
ghower  bad  made  the  most  favorable  conditions  for  their  discovery. 
A  long  continued  search,  on  several  following  days,  at  various 
places  along  the  gravel  bluff,  failed  of  success  in  finding  other 
specimens  in  place,  although  several  were  obtained  from  the  talus. 
This  shows  how  seldom  the  implements  are  likely  to  be  found, 
and  it  mav  be  from  this  cause  that  some  unsuccessful  hunters 
have  doubted  the  occurrence  of  the  implements  in  the  gravel. 
Certainly  the  evidence  that  has  been  brought  forward  to-night 
will  cl**ar  away  all  doubts  as  to  the  importance  and  reliability  of 
Dr.  Abbott's  discoveries  and  investigations,  which  have  proved 
the  former  existence  of  paleolithic  man  in  the  valley  of  the 
Delaware." 

5.  Bryozoans  of  the  Upper  Helderberg  Group ;  by  James 
Hall.  36  pp.  8vo.  Read  before  the  Albany  Institute,  March 
29, 1881.  Albany,  1881. — This  paper  is  an  abstract  of  the  section 
€in  Bryozoans  of  the  Upper  Helderberg  and  Hamilton  beds  in  the 
Thirty-third  Report  upon  the  State  Museum  of  Natural  History, 
made  in  January,  1880,  which  has  not  yet  been  published. 

6.  Tertiary  of  the  Easttrn  and  Southern  United  States,  — 
Angelo  Heilpbix  has  several  important  articles  on  the  Tertiary 

\  «f  Eastern  North  America  and  its  fossil  mollusks  in  the  Proceed- 
\  iDgs  of  the  Academy  of  Natural  Sciences  of  Philadelphia  for  the 
\    years  1880  and  1881. 

[  7.  Ca/nbariis  pritncevffs^  a  Cray  Jish^  from  the  Loicer  Tertiary 
^  hdsof  Western  Wyoming;  by  A.  S.  Packard,  Jr..  with  a  plate. 
BolL  U.  S.  Geol.  and  Geogr.  Survey  under  F.  V.  Hay  den.  Vol. 
▼i.  No,  2. 

8.  Antericafi  Museum  of  Natural  History  (Central  Park,  New 

York).     Bulletin  No.  1. — This  first  number  of  the  Bulletin  of  the 

American   Museum   contains   three   handsomely   illustrated    and 

Tsiaable  papers,  by  the  paloontolonflst  of  the  Museum,  Mr.  Whit- 

Held — On  a  new  Crinoid  from  Burlington,  Iowa;  On  Dictyophy- 

f.  ton  and   new  allied  forms  from  the  Keokuk  beds;  and  Observa- 
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tions  on  the  purposes  of  the  embryonic  Sheaths  of  Endoceras, 
their  bearing  on  the  ongin  of  the  siphon  in  the  Orthocerala. 

9.  Petroleum  in  the  Northwest  Territories  of  British  Amei 
on  the  Athabasca  and  elsewhere, — A  paper  on  this  subject,  bv 
R.  Bell,  is  contained  in  the  Proceedings  of  the  Canadian  Instil 
new  Ser.,  i,  226,  1882. 

10.  Traite  de  Geologic  par  A.  de  Lapparent^  Ancien  Ingdc 
au  Corps  des  Mines,  Professor  h.  Tlnstilut  Catholique  de  P 
Pans  ( F.  Savy). — This  treatise  on  geology,  by  M.  A.  de  La] 
rent,  the  associate  of  Delesse  in  the  preparation  of  his  an 
Revue  de  Geologie,  is  now  in  course  of  publication,  only 
pages  having  thus  far  reached  this  country.  This  port 
niaking  fascicules  1  to  3,  is  occupied  with  the  physiographic 
dynamical  parts  of  the  science.  The  author  has  laid  out  a  bi 
scheme,  and  so  far  as  completed,  the  work  promises  to  be  q 
full  and  thorough  in  its  treatment  of  its  subjects.  After  a  | 
eral  introduction,  it  takes  up  "Terrestrial  Morphology"  ui 
the  heads  of  morjjhology  proper  and  physiography,  in  which 
presented  many  details  from  terrestrial  physics.  Book  Sec 
has  the  title  "External  Terrestrial  Dynamics,"  and  extendi 
page  366 ;  and  Hook  Third,  that  of  Internal  Terrestrial  D; 
mics.  The  last  treats  of  the  earth's  interior  temperature,  vo 
noes,  and  related  topics,  and  is  not  finished  with  the  close  of 
cicule  3.  The  author  has  drawn  his  illustrations  for  his  excel 
treatise  largely  from  his  own  country,  yet  ranges  widely  also 
illustrations  of  the  subjects. 

1 1.  Jelly 'like  Hydrocarbon  from  Scranton^  Pennsylvania.—^ 
jelly-like,  carbonaceous  mineral,  resembling  dopplerite,  the  oc< 
rence  of  which  in  a  peat  bog  at  Scranton,  Pennsylvania, 
described  by  Mr.  T.  Cooper,  (see  this  Journal,  December,  1( 
p.  489),  has  been  further  mvestigated  by  Professor  H.  C.  Le 
of  Philadelphia.  The  substance,  as  previously  stated,  forms! 
veins  in  the  muck  at  the  bottom  of  the  peat  bog.  It  is  blacl 
color,  and  when  first  taken  out  it  is  jelly-like  in  consistency, 
exposure  to  the  air  it  becomes  tougher  and  elastic,  somewhat 
India-rubber.  When  in  this  condition  a  thin  slice  can  be  cut 
a  knife ;  it  is  then  seen  to  be  brownish-red  by  transmitted  li| 
and  nearly  homogeneous.  When  completely  air-dried  it  is  bri 
and  nearly  as  hard  as  coal  and  resembles  jet,  having  a  brilii 
resinous  luster  and  conchoidal  fracture;  its  specific  gravitj 
1*032.  Before  drying  it  burns  slowly  in  a  Bunsen  burner  i 
without  flame,  but  when  dry  it  burns  with  a  clear,  yellow  fla 
It  dissolves  partly  in  hot  alcohol,  but  wholly  in  caustic  poU 
even  in  the  cold.  An  analysis  by  Mr.  J.  M.  Stins'^^n,  of  the  Pe 
sylvania  Geological  Survey,  of  material  dried,  at  100°  C,  gave 

C  H  N  0  Ash 

28-99  517  2-46  56*98  6*40=100*00 

Analysis  of  the  dry  separated  material  gave — 
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Volatile  matter, 72-19 

Fixed  carbon, 21-41 

Ash, 6-40 

100-00 

le  empirical  formula  calculated  is  C^^H^jO,^  which  requires 
>-l5,  H  5-53,  O  +  N  64-32=100. 

I  physical  characters  this  substance  very  closely  resembles  the 
>lerite  of  Ilaidinger,  from  Aussee  (see  Dana's  Min.,  p.  749), 
is  different  in  composition.  Similar  jelly-like  hydrocarbons 
»  been  described  by  others.  Lewis  suggests  that  these  jelly- 
hydrocarbons  may  be  grouped  together  under  the  name 
locoUite  i(=z:plaut-jelly),  but  the  new  name  seems  very  unnec- 
ry. — Am,  Phil,  tSoc,  Philadelphia,  Dec.  2,  1881. 
!.  Brief  notices  of  some  recently  d( scribed  minerals, — Bkrga- 
KiTE  is  a  variety  of  amphibole  remarkable  as  containing  no 
iiesia.  It  occurs  in  a  quartzose  hornblende-porphyry  from 
ite  Altimo,  Province  of  Bergamo,  Italy.  Forms  acicular 
tals  vertically  striated,  with  prismatic  cleavage  at  an  angle  of 
'.     G.=3-075.      An    analvsis    gave:  -(f)  SiO^    36-78,    A1,0, 

3,  Fe,0,  14-46,  FeO  22-89,  CaO  5-14,  MgO  0-93,   Na,0  400, 
'  0-42,  loss  0-25=:100. — LuccHETTi  in  Z.  Kryst.,  vi,  199. 
iTiiiioxiTE. — E.  Scacchi  describes  blue  lapilli  from  Vesuvius, 
;isting  of  a  white  earthy  substance  with  a  glassy-blue  crust, 
analysis  gave:  SiO,  71-57,  CuO  6-49,   FeO  4-02,   K,0  1092, 

0  6-78=99-78.  Fuses  easily  ;  the  nucleus,  consisting  of  au- 
,  olivine,  etc  ,  is  infusible.  The  author  on  the  ground  of  the 
)iiity  regards  the  substance  as  a  mixture  of  quartz  and  the 
>onates  of  potassium  and  sodium.  Obviously  the  name  given 
\  not  apply  to  any  definite  mineral  species. — Rend,  Accad, 
)oli,  Dec,  1880. 

ocERixE. — Announced  by  A.  Scacchi  as  occurring  in  volcanic 
bs  in  the  tufa  of  Nocera.  Found  in  white  acicular  crystals 
Ted  to  the  rhombohedral  system.  In  composition  regarded 
double  fluoride  of  calcium  and  magnesium.  Assouated  with 
•ite,  some  brown  crystals  referred  to  amphibole,  and  minute 
igonal  crystals  perhaps  microsomraite.  The  exterior  of  the 
bs  is  covered  with  mica. — Accad,  Line,  IVans,^  III,  v,  1881. 
KLANoTEKiTE. — Massivc,  clcavablc  in  two  directions.  II.= 
G.=:5-73.  Luster  metallic  to  resinous.  Color,  black  to 
kish-gray.  Opaque.  Analysis  gave:  SiO,  17*32,  FeO  2318, 
)  55-26,  CuO  0  20,  FeO  075,  MnO  069,  CaO  0-02,  M<rO  0-59, 
•  0-24,  Na,0  0-54,  BaO  Oil  (?),  CI  014,  P,0^  0-07,  ign.  0-93= 

04.  The  calculated  formula  is  Pb^Fe^Si^O^.  Described  by 
Lindstrum  as  occurring  with  native  lead,  magnetite  and  yel- 

gamet  at  Longban,  in   Wermland,  Sweden.     This   locality 
previously  furnished  two  other  silicates  of  lead — hyalotekite 

1  ijanomalite. —  (Eftj.  Ak,  Fork,  Stockholm,  xxkv,  6^  p.  53. 

i  Artijicial  Enstatite  and  Chrysolite, — M.  St.  Meunier  has 
ently  succeeded  in  forming  artificially  a  variety  of  minerals  by 
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exposing  the  metal,  a  silicate  of  which  is  to  be  formed,  when 
red  heat,  to  the  vapor  of  water  and  that  of  silicon  chloride, 
method  is  regarded  by  the  author  as  of  especial  interest  as  ii 
ting  the  conditions  realized  in  the  natural  formation  of  the  p 
tive  minerals  of  which  we  have  examples  in  various  typ< 
meteorites.  He  has,  for  example,  succeeded  in  producing  e 
tite,  a  common  mineral  in  meteorites,  and  that  in  forms  whit 
often  there  assumes,  as,  for  example,  in  clusters  of  needles  r; 
ting  from  a  center,  showing  in  a  section  the  characteristic 
shaped  or  star-shaped  forms.  It  is  in  similar  forms  in  meteo 
that  the  imagination  of  Mr.  Otto  Hahn  has  found  crinoids 
sponges.  M.  Meunier  remarks,  with  some  humor,  that  it  i^ 
nificant  that  tliese  suppost^d  fossils  can  be  formed  iti  a  porc< 
tube  heated  to  redness.  By  varying  the  conditions  the  aw 
has  also  succeeded  in  obtaining  a  pulverulent  mixture  of  chi 
lite  (peridote),  with  the  enstatite,  and  he  adds  that  w^ere 
powder,  togetljer  with  a  nick<'liferous  iron,  cemented  togei 
we  should  have  a  rock  essentially  identical  with  that  of  nat 
meteorites. —  C.  /?.,  xciii,  737. 

14.  Supposed  Organic  Remains  hi  Meteorites. — A  year  < 
Mr.  Utto  Ilahn  published  in  Germany  a  work  purportiii; 
describe  a  large  series  of  fossil  sponges,  crinoids,  corals,  an 
on,  identified  by  the  author  in  some  stony  meteorites,  more  i 
cially  that  of  Knyahinya,  Ilimgary.  These  conclusions  ar 
fanciful  and  so  obviously  without  foundation  in  fact,  that  it  w 
be  unnecessary  to  refer  to  them  except  that  a  recent  article 
been  published  in  this  country  in  which  the  discoveries 
described  in  the  spirit  of  the  author,  and  which  is  calcnlatt 
mislead  those  unfamiliar  with  the  subject.  The  siipposeil  org 
forms  seen  in  thin  sections  of  the  meteorite  are  merely  the  n 
ted  and  stellated  forms  which  the  mineral  enstatite  often  assi 
in  meteontes,  and  which  M.  Meunier  has  shown  (see  above), 
be  itnitated  successfully.  They  bear  the  same  relation  to  f 
remains  that  dendrites  of  manganese  oxide  bear  to  vegetable 
pressions.  Professor  J.  Lawrence  Smith,  who  has  <lone  more 
any  one  else  to  make  us  acquainted  with  the  various  carbon  < 
pounds  which  occur  in  meteorites,  has  not  long  since  exprc 
himself  {(.'otirier  Journal  for  Nov.  22,  188 1,  Louisville), 
strongly  as  to  the  observations  of  .Mr.  Hahn.  Among  o 
remarks  he  says :  "  Were  these  remains  present  w^e  should 
cern  carbonate  of  lime  on  their  interior.  The  two  or  three 
have  anv  carbonate  of  lime  were  discovered  and  analvze<^ 
myself,  and  m  these  cases  the  carbonate  of  lime  was  an  accidi 
constituent  of  incrustation  deposited  on  the  surface  after  l 
fall." 

It  is  only  simple  justice  to  Mr.  llahn  to  say  that  while  his 
elusions  will  not  be  accepted,  his  memoir  is  a  most  valuable 
tribution  to  the  study  of  the  structure  of  meteorites.  The  pi 
graphic  plates  which  accompany  it  are  remarkably  beautiful 
can  be  studied  with  profit.  It  is  only  the  authi^r's  interpreti 
of  them  which  is  at  fault. 
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15.    TabeGarische  Ueheraicht  der  Mineralien  nach  ihren  krys- 
^aUographisch-chemischen     Beziehungen     geordnet     von     Paul 
Groth. — Zweite  voUstandig  neu  bearbeitete  Auflage.     134   pp. 
4to.      Braunscbweis:,     1882.       (Fr.  Vieweg  &  Son).  —  Professor 
Grotb's  volume,  while  modest  in  its  plan,  is  still  a  valuable  eontri- 
bation  to  mineralogy,  more  especially  on  the  chemical  side.     It 
furnishes  a  list  of  all  well  established  mineral  species,  classified 
according  to  chemical    characters  rnd    crystalline  form,  giving 
for  each  its  chemical  formula,  crystalline  system,  and  axial  rela- 
tions.    It  is  intended  particularly  for  the  use  of  students,   but 
will  be  useful  for  all  who  desire  to  have  before  them  a  classifica- 
tion of  minerals  in  clear  and  concise  form.     In  reviewing  the 
chemical  composition  of  many  species  the  author  has  often   been 
able  to  make  miportant  suggestions  as  to  the  way  in  which  the 
formula  should  be  written,  and  in  this  way  he  introduces  a  large 
namber  of  original  ideas  which   throw  light  on  doubtful   points. 
The  relations  of  the  different  isomorphous  groups  of  compounds 
has  never  been  better  presented. 

III.  Botany  and  Zoology. 

1.  Natural  history  Nomenclature. — The  Zoological  Society  of 
France  has  issued  a  pamphlet  entitled  "  Ragles  applicable  k  la 
Nomenclature  des  fit  res  Organises,"  which  it  pro^wses  for  adop- 
tion, and  upon  which  comments  are  requested.  The  rules  were 
to  be  submitted  to  a  Geological  Congress  held  last  autumn  at 
Bologna. 

The  rules  are  brief  and  simple,  and  occupy  less  than  three 
pages.  A  Report  from  a  committee,  by  M.  Chaper,  fills  the  re- 
mainder of  the  37  pages.  The  rules  being  for  both  kingdoms  of 
organized  beings  the  opinion  of  botanists  is  invited.  These  rules, 
proposed  in  the  interest  of  Zoology,  are  in  such  agreement  with 
those  practiced  in  Botany,  and  especially  with  those  in  the  digest 
made  by  M.  DeCandolle  a  few  years  ago,  that  they  call  for  little 
remark,  and  that  mostly  in  small  particulars.  In  some  cases  a  sensi- 
ble recommendation  or  a  preferable  rule  has,  perhaps,  been  pushed 
to  extremity.  For  instance,  specific;  names  of  essential  identity 
of  meaning  and  derivation,  but  of  different  form,  such  as  ^\fluvi- 
orum^fluviolls  2ind  Jluviatilis^^  are  not  allowed  in  the  same  genus. 
The  introduction  of  such  names  may  well  be  objected  to,  but  if 
two  of  them  had  found  their  way  into  a  large  genus  of  plants, 
botanists  would  hardly  regard  it  as  a  case  of  double  employment 
of  the  same  name. 

Specific  names  from  persons  are  required  always  to  be  nouns  in 
the  genitive.  Botanists  have  always  used  the  adjective  form  more 
or  less,  and  we  see  no  reason  why  they  should  forego  it.  Latnarck- 
iamis  is  as  good  as  Lamnrckri  and  better  than  Lamarcki^  to 
ivhich  these  zoologists  would  restrict  us.  For  their  rule  goes  on 
to  require  that  all  such  words  (excepting  those  which  have  been 
actually  used  and  declined  otherwise  in  the  Latin  language)  shall 
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make  their  genitive  in  a  single  t.     We  think  that  we  have  seen 
this  rule  applied  in  some  zoological  works,  and  with  cacophonoiu 
results.      Surely  the  ear  must  judge  whether  a  barbarous  name 
shall  be  latinized  in  u8  or  ius.     In  many  cases  the  choice  may  be 
nearly  indifferent ;  in  others  by  no  means  so.     Who  would  write 
Pecki  or  Becki  in  place  of  Peckii  or  Beckiif     Fortunately  the 
laws  before  us  direct  that  such  specific  names  shall  be  written 
with  either  a  small  or  a  capital  initial  according  to  the  rule  gen- 
erally followed  in  writing.      So  we  need  not  follow  the  custom 
which  in  England  certain  zoologists  have  forced  upon  one  botani- 
cal work,  and  other  zoologists  are  adopting  in  this  country,  which 
would  require  us  to  write  pecki.     It  is  strange  that  any  one  could 
wish  to  have  a  mechanical  and  senseless  uniformity  override  all 
other  considerations. 

By  one  rule,  the  name  of  an  author  when  appended  to  that  of 
a  species  must  always  be  printed  in  a  different  type  from  that  of 
the  species.  As  the  omission  of  this  causes  no  confusion  in  writ- 
ing, it  might  seldom  cause  any  in  print.  But  ordinarily  the  refer- 
ence, of  which  this  name  is  the  abbreviation,  is  in  different  type 
from  the  name  which  precedes.  It  is  hardly  a  matter  to  prescrioe 
by  law. 

That  the  names  of  families  should  always  end  in  idoB  may  be 
practicable  in  zoology,  but  hardly  so  the  rule  against  homonyms, 
viz:  that  the  name  of  a  genus  which  has  been  reduced  to  a  syno- 
nym shall  never  again  be  used  as  such  in  the  same  kingdom,  nor 
a  specific  name  so  reduced  be  ever  used  again  in  the  genus.  It  ii 
laid  down,  also,  that  no  name  once  published  shall  ever  be  dis- 
carded on  account  of  its  impropriety.  That  surely  depends  on 
the  degree  of  impropriety. 

The  E^rpose  des  Motifs  in  the  Report  by  M.  Chaper  sometimes 
takes  questionable  ground ;  in  one  place  it  seems  to  contradict 
the  rule  last  referred  to,  declaring  that  the  name  Novce-HoUay\dim 
must  be  changed  to  Neo-Batavus^  first,  because  that  is  the  proper 
Latin  form,  and  second  because  all  specific  names  from  countries 
should  be  adjectives, — which  is  quite  as  unnecessary  as  their  other 
rule  that  all  names  from  persons  shall  be  genitives. 

The  Report  brings  out  a  point  which  the  rules  do  not  pronounce 
upon,  viz:  that  the  zoologists  take  the  ground  that  the  name  of  a 
species  transferred  by  a  later  writer  to  some  other  genus  shall 
still  be  followed  by  the  name  of  the  original  founder,  thus  mak- 
ing species  override  genus  in  importance,  and  confusing  chronol- 
ogy. We  have  so  fully  and  repeatedly  expressed  our  opinion  on 
the  matter  in  this  Journal  that  we  need  not  farther  refer  to  it  here. 
The  last  adopted  laws  of  botanical  nomenclature  and  the  practice  j 
of  almost  all  pha3nogamous  botanists  agree  in  rejecting  this  inno- 
vation. The  reduction  of  the  rank  of  genus  by  zoologists  to  the 
last  degree  of  analysis  gives  some  excuse  for  the  practice,  and  the 
practice  seems  likely  to  facilitate  the  degradation. 

Naturally  we  have  indicated  only  points  in  which  the  proposed 
rules  do  not  harmonize  with  the  received  botanical  code.      a.  g. 
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!.  MaximawicZy  de  Cortaria,  Ilice  et  Monochasnia^  etc.  A 
rto  paper  in  the  M  6m.  >  cad.  St.  Pet ersb.  ,1881.  pp.  70,  and  four 
tes. — A  full  discussion  and  monograph  of  Coriaria^  and  the 
iclusion  reached  that  this  monotypical  genus  should  stand  next 
the  SimarubdcecB.     Ilex  is  similarly  discussed  as  to  the  charac- 

and  extent  of  the  genus,  is  divided  into  four  sections  in  a 
aewhat  new  way,  seemingly  with  excellent  judgment ;  but  I, 
^ssine  falls  to  one  section  and  /.  Dahoon  and  H  ntyrtifolia  to 
:)ther.  Monochasnia  is  a  new  Chinese  genus  near  to  Bungea^ 
\  to  SchwcUbea  is  assigned  a  character  for  better  distinguishing 
from  Siphonostegia^  viz :  that  the  placentae  become  free  from 
»  valves  before  the  maturity  of  the  capsule.  a.  g. 

J.  Ueber  sogenannte  Gompaaspflamen.  By  Professor  E.  Stahl. 
[n  this  paper,  which  is  an  extract  from  the  Jen,  Zeitschrift, 
ihl  gives  the  result  of  his  experiments  with  Lactnca  Scariola 
d  Silphium  laciniatuni,  for  the  purpose  of  ascertaining  the  con- 
ions  which  cause  the  leaves  of  the  plants  named  to  assume  a 
jridional  position.  In  the  case  of  the  Silp/iium,  which  is  the 
mmon  Compass-plant  of  the  Western  States,  the  fact  that  the 
ives  point  in  a  northerly  and  southerly  direction  has  long  been 
lown,  but  in  the  case  of  Lactnca  Scariola^  although  it  had  been 
►served  that  the  leaves  were  often  vertical,  Stahl  was  the  first 

notice  that  they  generally  stood  in  meridional  plane.  In  both 
ants,  the  peculiar  position  of  the  leaves  is  best  seen  when  they 
row  in  unsheltered  places,  exposed  to  bright  sunlight ;  while 
hen  crowded  together,  or  growing  in  the  shade,  the  leaves  gen- 
•ally  assume  the  common  horizontal  position.  The  leaves  of 
actuea  are  arranged  on  the  stem  in  the  f  order.  Those  on 
le  north  side  of  the  stem  become  vertical  by  a  twisting  of  the 
etiole,  the  upper  surface  of  the  leaf  facing  the  east.  Those  on 
le  south  side  by  a  similar  twisting  become  vertical  with  the 
pper  surface  facing  the  west.  The  leaves  on  the  east  and  west 
ide  of  the  stem  do  not  exhibit  any  torsion  of  the  petioles,  but 
bey  become  upright  with  their  upper  surfaces  approximated  to 
he  stem.  Stahl  took  two  plants  growing  in  pots  and  placed  one 
•here  it  would  be  exposed  to  direct  sunlight  from  10  o'clock 
ntil  3,  and  kept  in  the  dark  for  the  rest  of  the  day ;  the  other 
ras  placed  so  that  from  sunrise  until  10  o'clock  and  from  3  o'clock 
iDtil  sunset  it  was  exposed  to  the  sunlight,  but  from  10  to  3  was 
D  the  dark.  In  the  first  case  the  leaves  did  not  assume  a  meridi- 
<Dal  position,  but  in  the  second  case  they  did.  That  the  meridi- 
nal  position  is  produced  by  the  sun  when  near  the  horizon  is 
learly  shown  by  the  following  experiment.  A  pot  with  several 
oang  plants  was  placed  in  a  window  facing  the  north,  where  the 
lants  received  direct  sunlight  a  few  hours  afler  sunrise  and  he- 
re sunset.  In  this  experiment  the  leaves  bent  toward  the  north 
ith  their  upper  surfaces  turning  either  to  the  east  or  to  the 
»st.  The  pot  was  then  ])laced  farther  back  in  the  room,  so  that 
3  plants  were  not  exposed  to  the  direct  sunlight,  and  the  leaves 
?n  assumed  a  position  at  right  angles  to  the  diffuse  light  from 
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the  window.  Stahl  concludes  that  the  meridional  position  of  th< 
leaves  of  Lactuca  Scariola  is  due  to  the  common  diaheliotropisn 
observed  in  most  leaves,  and  that  these  leaves  differ  from  tboaeo 
other  plants  only  in  their  greater  sensitiveness  to  intense  ligiit 
In  Silphium  there  is  a  torsion  of  the  petioles  as  in  La>ctuca\  and 
if  the  petioles  are  fastened  so  that  they  cannot  bend,  the  blade  o 
the  leaf  itself  twists.  Stahl  states  that  a  meridional  position  oi 
the  leaves  can  be  seen  clearly  in  Aplopappus  rubigitiost/s  &ndu 
some  extent  also  in  Lactuca  aaligna  and  ChotidreUa  juncea,  an( 
he  believes  that  many  other  examples  will  be  found,  especially 
among  the  plants  of  dry  and  exposed  regions.  w.  g.  p. 

In  a  number  of  the  Botanical  Magazine,  published  during  the 
past  year,  in  which  the  American  Compass-plant  is  illustrated,  itii 
recorded  that  I  noticed,  during  the  previous  year,  in  a  plant  groir 
ing  in  the  Botanic  Garden  of  Harvard  University,  one  leafii 
which  there  was  an  abrupt  torsion  of  90°  in  the  middle  of  tlw 
blade.  I  cannot  now  say  whether  or  not  the  basal  portion  wm 
free  to  change  its  direction.  a,  a 

4.  The  Brain  of  the  Cat^  Felis  domestica,  by  Burt  G.  Wildib, 
Proc.  Araer.  Phil.  Soc,  1881. — An  elaborate  memoir  occnpyioj 
40  pages  and  illustrated  by  4  fine  lithographic  plates. 

IV.    Astronomy. 

1.  Notation  of  Comets. — The  Council  of  the  AatronomiKhi 
GeseHnchaft^  at  the  recent  meeting  at  Strassburg,  recommended 
that  the  notation  of  comets  in  any  year  by  the  letters  a,  ^,  c,  etc., 
according  to  the  date  of  discovery,  be  given  up  altogether. 
There  is  good  reason  for  the  recommendation.  The  notation  1, 
II,  III,  etc.,  according  to  perihi'lion  passage,  is  that  which  it  is 
important  to  retain  after  the  year  lias  passed.  Two  notations 8C 
similar  tend  to  confusion.  Until  the  order  of  the  perihelion  pafr 
sage  is  determined  the  comets  can  bo  readily  distinguished  by  the 
names  of  their  discoverers,  adding  the  date  of  discovery  if  nece» 
sary,  so  that  the  notation  by  letters  is  superfluous.  h.  a.  x. 

2.  Astronornische  Nachrichten^  hegriXndet  von  H.  C  Schu 
macher. — This  veteran  Journal  iwis  just  completed  its  hundredtl 
volume.  Dr.  A.  Krueger,  who  has  succeeded  the  late  Dr.  Peten 
as  Director  of  the  Observatory  at  Kiel,  has  also  succeeded  him  it 
the  editorship  of  the  Journal.  By  an  understanding  with  tb< 
Prussian  Government  the  Council  of  the  Aatronohtische  Geidi 
schdft  promises  assistance  and  countenance  in  order  that  tin 
Astrononnarhe  Noc/iru'hteri  shall  be  the  central  and  leading  orgat 
of  Astronomical  periodical  literature.  h.  a.,  n. 

3.  W(fshinf/ton  ObserrotionM  frr  1S77 — Appendix  III. — Pn 
fessor  Eastman  gives  us  in  this  appendix  a  value  of  the  soli 
parallax  from  meridian  observations  of  Mars.  In  Septerabe 
1876,  Admiral  Davis  invited  the  coriperation  of  other  observ 
tories  in  making,  alter  a  plan  prescribed  by  Professor  Eastma 
meridian  observations  upon  Mars  at   the  opposition  of  1877,  f 


Astronomy^  161 

)urpose  of  determining  the  solar  parallax.  Returns  which 
I  be  used  in  the  investigation  were  received  from  Melbourne, 
ley  and  the  Cape  of  Good  Hope  in  the  Southern,  and  from 
bridge  (Mass.)  and  Leyden  in  the  Northern  Hemisphere. 
\er  the  discussion  and  comparison  of  the  observations,  reject- 
a  very  few  that  are  palpably  erroneous,  Professor  Eastman 
:  '*  Taking  the  mean  of  the  remaining  seventy  results  from 
he  stations,  with  regard  to  the  weights,  we  have — 

Tt  =  8''-980dbO'-0172. 

le  results  from  the  Melbourne  and  Cambridge  combination 
I  to  indicate  either  that  the  value  found  for  tt  [9''1382]  is  cer- 
y  too  great,  or  that  the  observations  at  the  first  five  stations 
ill  affected  by  a  systematic  error. 

jis  difference  may  arise  from  the  method  of  observing  over 
ned  threads  at  Cambridge,  for  the  agreement  of  the  results 
ng  themselves  is  very  satisfactory;  but,  whatever  the  cause 
le  discrepancy  may  be,  it  has  not  been  deemed  advisable  to 
loy  these  values  in  obtaining  the  final  result. 
mitting  the  results  derived  from  the  Cambridge  observations, 
also  those  inclosed  in  parentheses,  and  taking  the  mean  of 
remaining  su'fy  results  with  regard  to  the  computed  weights, 
lave  for  a  final  result — 

his  value  of  tt  is  undoubtedly  greater  than  would  be  assigned 
i  large  majority  of  astronomers,  but  it  fairly  represents  what 
method  will  give  from  such  observations  as  were  at  hand  for 

discussion."  h.  a.  n. 

.  Iliirty-sixth  Annual  Report  of  the  Director 'of  the  Astro- 
ileal  Observatory  of  Harvard  College ;  by  Edward  C. 
KERiNG.  16  pp.  8vo.  Cambridge,  1882. — Professor  Pickering's 
lual  Report  gives  a  gratifying  statement  of  the  present  con- 
on  of  the  Harvard  Observatory,  and  of  the  work  which  has 
n  accomplished  there  during  the  past  year.  The  brief  sum- 
y  of  the  work  done  includes :  (1)  a  large  number  of  photometric 
ervalions  of  the  eclipses  of  Jupiter's  satellites;  (2)  observa- 
is  of  stars  having  singular  spectra — che  spectra  of  all  the  stars 
th  of  -40°  marked  as  red  or  colored  in  the  XJranometria 
^entina  have  been  examined  in  the  large  telescope,  and  from 

and  also  some  miscellaneous  sweeping,  a  list  of  about  eighty 
s  having  banded  spectra  has  been  published  ;  (3)  photometric 
iy  of  variable  stars ;  (4)  observations  of  the  comets  of  1881  ; 
>bgervations  with  the  meridian  circle,  and  (6)  with  the  meridian 
tometer.  The  distribution  of  time  signals  has  been  continued 
er  the  charge  of  Mr.  F.  Waldo  until  June  1,  and  since  then  of 

Edmunds ;  it  is  stated  that  the  error  is  believed  to  rarely 
?ed  two-tenths  of  a  second  in  clear  weather  and  four-tenths 
n  cloudy,  and  that  the  error  seldom  changes  more  than  two- 
hs  of  a  second  from  one  day  to  the  next. 
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Among  the  investigations  proposed  for  the  coming  year  are  the 
measurement  of  the  position  of  the  principal  lines  in  the  spectn 
of  all  banded  stars  as  yet  known ;  also  the  photometric  dete^ 
mination  of  the  brightness  of  various  points  on  the  surface  of  the 
moon;  the  measurement  of  the  light  of  faint  stars,  for  which  ft 
system  of  standards  of  brightness  has  been  devisfd  with  the 
cooperation  of  other  astronomers.  The  new  meridian  photometer 
will  be  used  for  measuring  variable  stars  and  their  comparisoo 
stars,  and  also  for  determining  the  light  of  the  brighter  asteroidi 

V.    Miscellaneous  Scientific  Intelligence. 

1.  Mining  Industries:  Paris  Exposition^  1878;  by  A.  D. 
Hague,  Commissioner. — This  valuable  review  of  the  JMinlDg 
Industries  of  the  various  nations  of  the  globe  contains  a  conden«d 
survey  of  mining  pro«iucts,  mining  processes  and  materials,  miniitf 
imports  and  exports,  mining  regions,  ores  and  ore-deposits,^ 
fields,  diamond  fields,  etc.,  consumption  of  metals,  coals,  etc. 

2.  Were  Ancient  Copper  implements  hammered  or  moMA 
into  shape,  —  Professor  F.  W.  Putnam,  of  Cambridge,  Ma^., 
closes  a  note  on  this  subject  in  the  Kansas  City  Review  for 
December,  with  the  following  statement : 

"That  copper  was  used  in  large  quantities  by  the  Indians  there 
is  no  doubt,  and  it  was  also  used  to  a  considerable  degree  by  the 
tribes  who  erected  the  burial  mounds  in  the  Ohio  valley  and 
throughout  the  southwest,  whoever  they  were;  but  I  have  not  yet 
seen  a  single  object  made  of  copper  from  these  sources  that  I 
should  regard  as  having  been  cast ;  on  the  contrary,  the  evi- 
dence of  hammering,  and  rolling  between  stones,  is  more  or  lesa 
clearly  shown  in  all  by  the  character  of  the  surface  and  by  the 
distinct  lamination  of  the  metal  in  places,  when  carefully  exam- 
ined with  a  lens." 

3.  United  States  Coast  Syrvey. — Mr.  J.  E.  Hilgard,  Chief  Assist- 
ant in  the  Coast  Survey  Department,  has  recently  been  appointed 
Superintendent  in  place  of  Captain  C.  P.  Patterson,  deceased. 
Mr.  Hilgard  is  eminently  fitted  for  the  position. 

3.  Beebe^s  Four-Place  Jahles. — This  book  contains,  in  deal 
type  and  compact  form,  the  logarithms  of  numbers  with  proper 
tional  parts,  and  the  trigonometric  functions,  both  logarithmit 
and  natural,  at  intervals  of  ten  minutes,  with  their  ditFerence* 
The  arrangement  is  the  same  as  that  of  CJauss's  five-  and  Vega*J 
seven-place  tables,  and  is  therefore  the  best  possible.  ihi^ 
feature  makes  them  an  excellent  introduction  to  the  larger  works 
A  very  careful  comparison  with  the  standard  tables  reveals  v^ 
mistakes.     Published  by  H.  II.  Peck,  New  Haven. 

Sensation  and  Pain.  V^y  Charles  Fayette  Taylor,  M.D.  78  pp.  16mo.  Se< 
York,  1881.     (G.  W  Putnam's  Sons). 

Opium  Smoking  in  Amaric^i  and  China,  by  H.  H.  Kane,  M.D.  156  pp.  Ifim 
New  York,  18s2.     ((J.  P.  Putnam's  Sons). 

Greenwich  Spectrosoopic  and  Phot<ig:raplue  Results.     84  pp.  4to.      1880. 

Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences,  MioDeapolis.  MiB 
Vol.  ii,  No.  3, 1881.     pp.  37-238. 
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uHN  William  Draper,  M.D.,  LL.D. — The  death  of  Dr.  Draper, 
ch  occurred  on  the  4th  of  January,  removes  the  most  renowned 
jstigator  in  molecular  physics  and  the  most  encyclopedic  author 
he  circle  of  American  scientists.     Although  born  in  England, 

trained  there  in  youth,  Dr.  Draper's  life-work  and  field  of  labor 
e  in  America.  Born  at  St.  Helens  near  Liverpool,  May  6, 181 1 , 
bad  his  early  educatipn  in  a  Wesleyan  school  at  Woodhouse 
)ve,  where  his  scientific  tastes  were  developed.  His  studies  in 
mistry  and  physics  were  afterward  pursued  under  a  private 
3her,  and  later  at  the  London  University.  Following  the 
ater  part  of  his  family,  he  came  to  this  country  in  1833,  at  the 

of  22,  and  in  1836,  took  the  medical  degree  from  the  tlniver- 
'  of  Pennsylvania  where  his  thesis  on  the  Crystallization  of 
npbor  under  the  influence  of  light,  and  kindred  subjects,  was 
•cted  by  the  Faculty  for  publication.  This  is  the  first  of  a  long 
e8  of  experimental  researches  on  radiant  energy.  It  led  to  his 
►ointment,  in  the  same  year,  to  the  chemical  and  physiological 
ir  in  Hampden  Sidney  College,  Virginia,  where  he  had  the 
►ortunity  to  prosecute  other  investigations  in  the  same  line. 
?8e,  without  effort  on  his  part,  brought  him,  soon  after,  the 
►ointment  to  the  Professorship  of  Chemistry  and  Physiology  in 

University  of  New  York,  where  he  remained  through  the 
ire  period  of  his  life.      In  1841  he  was  active  in  establishing 

University  Medical  College ;  and  he  resigned  the  duties  of 
siding  officer  of  the  Medical  Faculty  only  in  18V6.  For  more 
n  forty  years,  Dr.  Draper  was  quietly  engaged  in  careful 
►erimental  researches  in  physiology  and  molecular  chemistry, 
)li8hing  the  results  of  his  work  in  this  Journal,  the  Journal  of 

Franklin  Institute,  the  American  Journal  of  Medical  Science, 
I  in  the  London  Philosophical  Magazine.  These  researches 
er  a  very  large  range  of  subjects,  but  were  mostly  devoted  to  a 
iy  of  the  chemical  phenomena  of  light,  in  both  the  organic  and 
rganic  world.  In  1878  he  collected  and  condensed  these  re- 
rches  and*  published  them  in  a  separate  volume  under  th^  title 
*  Scientific  Memoirs,  being  Experimental  Contributions  to  a 
owledge  of  Radiant  Energy"  (4V3  pp.  8vo).  This  volume  was 
iced  at  the  time  of  its  publication  in  vol.  xvi,  p.  390  (1878)  of 
}  Journal.  It  remains  a  noble  monument  to  his  memory,  made 
the  results  of  labors  which  have  greatly  advanced  the  sum 
mman  knowledge. 

)f  the  substance  of  the  thirty  separate  memoirs  which  consti- 
3  it  the  author  says :  "  Among  many  other  subjects  treated  of 
hese  pages  the  reader  will  find  an  investigation  of  the  temper- 
re  at  which  bodies  become  red  hot,  the  nature  of  the  light  they 
t  at  different  degrees,  the  connection  between  their  condition 
:o  vibration  and  their  heat.  It  is  shown  that  ignited  solids 
d  a  spectrum  that  is  continuous,  not  interrupted.  This  has 
>me  one  of  the  fundamental  facts  in  astronomical  spectroscopv. 
:he  time  of  the  publication  of  this  memoir  (1847),  no  one  in 


164  Obituary, 

America  had   given   attention   to  the  spectroscope,  and,  except 
Frannhofer,  few  in  Europe.     I  showed  that  the  fixed  lines  might 
be  photographed,  doubled  their  number,  and  found  other  new 
ones  at  the  red  end  of  the  spectrum.     The  facts  thus  discovered 
I  applied  in  an  investigation  of  the  nature  of  flame  and  the  con- 
dition of  the  sun's  sui-face.     I  showed  that  under  certain  circam- 
stances  rays  antagonize  each  other  in  their  chemical  eflTect,  and 
that  the  diffraction  spectrum  has  great  advantages  over  the  pris- 
matic, which  is  necessarily  distorted.     I  attemj)ted  to  asceitab 
the  distribution  of  heat  in  the  diffraction  spectrum,  and  pointed 
out  the  great  advantages  if  wave-lengths  are  used  in  the  descrip- 
tion of  photographic  phenomena.     1  published  steel  engravings 
of  that  spectrum  so  arranged.     I  made  an  investigation  of  phos- 
phorescence and  obtained  phosphorescent  pictures  of  the  moon. 
Up  to  this  time  it  had  been  supposed  that  the  great  natural  phe- 
nomena of  the  decomposition  of  carbonic  acid  by  plants  was 
accomplished  by  the  violet  rays  of  light ;  but  by  performing  thai 
decomposition  in  the  spectrum  itsell",  I  showed  that  it  is  effected 
by  the  yellow.     Under  very  favorable  circumstances  1  examined 
the  experiments  said  to  prove  that  light  can  produce  magnetism, 
and   found  that  they  had  led   to  an   incorrect  conclusion.    The 

fii'st  photographic  portrait  from  the  life  was  made  by  me 

I  also  obtained  the  first  photograph  of  the  moon When 

Daguerre's  process  was  published,  1  gave  it  a  critical  examina- 
tion, and  described  the  analogies  existing  between  the  phenomena 
of  the  chemical  radiations  and  those  of  heat.  For  the  purpose  of 
obtaining  more  accurate  results  in  these  various  inquiries  I  in- 
vented the  chlor-hydrogen  photometer,  and  examined  the  modifi- 
cations that  chlorine  undergoes  in  its  allotropic  states.  Since  in 
such  researches  more  delicate  thermometers  are  required  than  our 
ordinary  ones,  1  entered  on  an  investigation  of  the  electromotive 
power  of  heat,  and  described  improved  forms  of  electric  thermom- 
eters. In  these  memoirs  will  be  toimd  a  description  of  the  method 
made  use  of  for  obtaining  photographs  of  microscopic  objects, 
together  with  specimens  of  the  results.  In  a  physiological  di- 
gression respecting  interstitial  movements  of  substances,  I 
examined  the  passage  of  gases  through  thin  films  such  as  soajh 
bubbles,  and  the  force  with  which  these  movements  are  accoDif 
plished,  applying  the  facts  so  gathered  to  an  explanation  of  th« 
circulation  of  the  sap  in  plants,  and  of  the  blood  in  animals.  Re^ 
turning  to  an  inquiry  as  to  the  distribution  of  heat  and  of  chem- 
ical force  in  the  spectrum  I  was  led  to  conclude,  in  opposition 
to  the  current  opinion,  that  all  the  colored  spaces  were  equally 
warm;  and  that,  so  far  from  one  ])ortion — the  violet — being  dis» 
tinguished  by  producing  chemical  effects,  every  ray  can  accom? 
plish  special  changes.  This  scries  of  experiments,  on  radiations^ 
18  concluded  in  this  volume  by  an  examination  of  the  chemical 
action  of  burning-lenses  and  mirrors." 

This  is  a  remarkable  series  of  claims  for  one  investigator  to  se^^ 
up  on  a  single  line  of  research.     But  they  were  well  founded;  and  K. 
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i  wad  substantially  affirmed  by  the  report  of  the  Committee  of 
'  American  Academy  of  Arts  and  Sciences,  at  Boston,  which, 
er  an  impartial  review  of  Dr.  Draper's  work,  recommended  the 
ard  by  the  Academy  of  the  Knmford  Medals  for  the  year  1875 
le  of  gold  and  one  of  silver)  to  Dr.  Draper  for  his  "  iiesearchcs 
Radiant  Energy."*  This  was  only  the  sixth  award  of  the 
imford  Medal  in  about  sixty  years.  The  previous  five  awards 
re  (1)  to  Hare  (1839)  for  the  invention  of  the  oxy-hydrogen 
)wpipe  and  improvements  in  voltaic  apparatus ;  (2)  to  Ericsson 
?62)  for  his  caloric  engine;  (3)  to  Trkadwell  (1865)  for  im- 
)vement8  in  management  of  heat ;  (4)  to  Alvan  Clark  (1867) 
'  improvements  in  the  lenses  of  refracting  telescopes;  (5)  to 
RLiss  (1870)  for  improvements  in  the  steam  engine.  This 
umeration  shows  that  the  award  to  Dr.  Draper  was  for  impor- 
it  discoveries  in  science,  while  the  olhei*8,  excepting  in  the  case 
Dr.  Hare,  were  for  inventions  and  improvements.  It  rarely 
Is  to  the  lot  of  any  one  investigator  in  physical  research  to  add 
largely  to  the  triumphs  of  science  over  the  unknown. 
Our  admiration,  however,  of  the  author's  ability  and  industry 
increased,  when  we  review  the  considerable  number  of  impor- 
nt  memoirs  which  he  has  contributed  to  the  departments  of 
leniisiry,  electricity  and  physiology.  We  have  to  regret  that 
18  author  did  not  find  strength,  in  his  declining  years,  to  give  to 
le  world  his  memoirs  on  chemical,  electrical  and  physiological 
)pics,  some  of  them  hitherto  unpublished,  of  which  he  says,  in 
le  preface  to  the  volume  mentioned  :  "  These,  for  the  present,  I 
iu8t  j^serve."  But  it  is  a  great  satisfaction  that  he  has  left,  as 
is  literary  executors,  sons  whose  names  are  well  known  in  the 
DDals  of  science,  from  whom  we  may  look  for  the  collection  of 
lemoirs  so  reserved.  A  full  list  of  Dr.  Draper's  papers,  corrected 
y  himself,  will  be  found  in  the  writer's  address  entitled  "  Con- 
ributions  to  Chemistry,"  1874,  pages  78-82. 
But  Dr.  Draper  was  not  simply  an  experimental  investigator  of 
atural  phenomena.  He  was  an  earnest  and  also  a  deep  thinker  in 
be  department  of  the  philosophy  of  history  and  human  progress, 
nd  bis  works  in  this  direction  were  among  his  most  elaborate 
fforts.  He  says :  "  From  the  study  of  individual  man  it  is  but  a 
t«p  to  the  consideration  of  him  in  his  social  relations,  and  this, 
ccordingly,  had  been  done  in  the  second  part  of  my  work  on 
*hysiology.  But  the  subject  being  too  extensive  to  be  dealt  with 
itisfaclorily  in  that  manner,  I  have  published  the  materials  that 
had  collected  in  a  separate  book  unoer  the  title  of  '  A  History 
fthe  Intellectual  Development  ol'  Europe.'"  The  view  which  he 
bed  to  illustrate  in  this  work  is  that  the  intellectual  progress  of 
itions  proceeds  in  the  same  course  as  the  intellectual  develop- 
ent  of  the  individual ;  that  the  movement  of  both  is  not  fortu- 
»08,  but  under  the  dominion  of  law.  His  "Thoughts  on  the 
ivil  Polity  of  America,"  his  elaborate  "  History  of  the  Ameri- 
D  Civil  War,"  in  three  volumes,  and  his  "  History  of  the  Con- 

'rooeedings  American  Academy,  II,  zi,  313,  325,  May  26,  1875,  March  8,  1876. 
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fliot  of  Religion  and  Science''  are  all  logical  sequences  o 
view  of  human  progress.     He  remarks,  "  When  I  thus  look 
on  the  objects  that  have  occupied  my  attention,  1  recognize 
they  have  been   inter-connected,  each  preparing  the  way  fo 
successor.     Is  it  not  true  that,  for  every  person,  The  course  ul 
is  along  the  line  of  least  resistance,  and  that  in  this  the  movei 
of    humanity  is  like  the   movement    of    material  bodies  ?" 
many  may  have  regarded  Dr.  Draper  as  a  materialist,  an- 
least  as  indifferent  if  not  hostile  to  religion,  it  is  a  aatisfactio 
affirm  that  he  was  a  theist  and  a  firm  believer  in  a  future  stai 
existence  for  which  the  present  is  only  a  preparation. 

For  many  years  Dr.  Draper  has  dwelt  m  a  quiet  retrea 
Hastings  on  the  Hudson,  a  few  miles  from  New  York  City, 
the  astronomical  observatory  of  his  son.  Dr.  Henry  Draper, 
well-known  astronomer,  and  surrounded  by  everything  that  cm 
minister  to  the  tastes  of  a  veteran  in  science.     Here  he  qui 
surrendered,  on  the  morning  of  January  4,  1882,  a  life  cro\* 
with  the  rewards  of  a  long  devotion  to  his  ifavorite  pursuits, 
honored  by  the  diffusion  of  his  fame  through  the  translatio 
his  more  elaborate  works  into  a  great  number  of  European 
Asiatic  languages.     His  wife  died  many  years  before  him,  lea^ 
three  sons  and  three  daughters.     All.  the  sons  have  adopted 
suits  of  science,  kindred  to  the  father^s  taste,  and  have  made  na 
for  themselves  now  well  known  in  the  walks  of  science. 

The  funeral  of  Dr.  Draper  was  attended,  January  10th,  1 
throng  of  mourners,  including  delegates  of  numerous  scien 
societies  with  which  the  deceased  had  been  connected — the  1 
ulties  of  Medicine  and  Arts,  Science  and  Law,  of  the  Univei 
of  New  York,  and  members  of  the  Faculties  of  the  Universiti( 
Vermont  and  Pennsylvania.  The  religious  ceremonials  ^ 
observed  in  St.  Mark's  Church,  in  New  \ork,  where  the  rem 
were  brought  from  the  village  church  at  Hastings  on  the  1 
son,  and  finally  found  their  resting-place  in  the  Greenwood  C 
etery,  on  Long  Island.  a 

Lewis  H.  Morgan,  eminent  in  American  Ethnology 
Archaeology,  died  on  Saturday,  the  14th  of  December  last 
Rochester,  New  York.  He  early  began  his  study  in  his  favc 
department  among  the  Indians  then  remaining  in  Western  I 
York.  His  published  works  and  memoirs  are  all  the  resul 
extensive  research,  and  gave  him  the  leading  place  among  Ai 
ican  archaeologists.  The  most  important  are  "The  League  of 
Iroquois"  (1851),  "The  earliest  Systems  of  Consanguinity 
Affinity  of  the  Iluman  Family,"  published  by  the  Smithf»oi 
Institution  in  a  quarto  volume  of  700  pages  (1873),  "Anc 
Society,  or  Researches  in  the  line  of  human  progress  from  1 
agery  through  Barbarism,  into  Civilization"  (1877),  "Ho 
and  House-lifie  of  the  American  Aborigines"  (1881);  anc 
another  line,  the  "American  Beaver  and  his  Works"  (1867). 
Morgan  was  President  of  the  American  Association  at  the  n 
ing  in  1880  at  Boston. 
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XIV. — On  the  Col/yr  Correction  of  double  Objectives;  by 
Charles  S.  Hastings. 

I.  Revietc  of  attempted  methods. 

7e  call  the  focal  length  of  two  thin  lenses  in  contact  P, 
:  the  lenses  being  made  of  a  material  with  indices  of 
ion  n,  and  the  other  with  indices  indicated  by  n\  we 
rite 

l=:^=(n-l)A-f(n'-l)B,  (1) 

A  equals  the  sum  of  the  curvatures  of  the  two  surfaces 
ing  one  lens  and  B  the  corresponding  sum  for  the  other, 
rder  that  this  system  may  be  achromatic  it  is  necessary 
'  or  <p  should  be  invariable  with  n  and  w',  or  in  other 
that  the  equations 

A=- £•  B  (a, 

be  satisfied.     Unfortunately  this  is  in  practice  impossi- 
cause  at  present  no  two  varieties  of  glass  are  known  in 

-r-  is  constant.  On  the  contrary,  this  coefiicient  is  itself 
an 
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a  function  of  n  and  has  an  infinite  number  of  valua*«,  all  in- 
cluded in  practical  cases,  however,  within  limits  nearly  ap- 
proached. Thus,  since  the  last  equations  cannot  be  satisfied 
for  all  values  of  ti,  the  problem   is  reduced  to  finding  that 

value  of  -r—  which  substituted  in  (3)  will  make  the  corabina- 
an 

tion  the  most  advantageous  one. 

The  first  efforts  to  find  a  solution  of  this  problem  were 
attended  by  one  of  the  most  brilliant  discoveries  in  physical 
optics.  Only  in  objectives  of  considerable  size  does  the  ques- 
tion become  of  great  importance,  and  as  Fraunhofer  was  the 
first  to  attempt  such  objectives,  so  he  was  first  confronted  with 
the  problem.  To  solve  it  he  performed  an  elaborate  series  of 
experiments  on  the  optical  properties  of  various  glasses,  during 
which  he  discovered  the  lines  in  the  solar  and  certain  stellar 
spectra  universally  known  by  his  name.     Moreover,  as  it  was 

evident  that  the  accepted  value  of  —  should  depend  upon  the 

relative  intensity  of  lights  of  different  refrangibilities,  he  made 
a  photometric  determination  of  the  brightness  of  the  various 
parts  of  the  solar  spectrum.  With  data  thus  derived  his  theo- 
retical method  of  determining  the  best  value  of  the  coefficient 

dn' 

—  was  to  deduce  various  values  by  observation,  multiply  each 

value  so  obtained  by  the  relative  brightness  of  the  correspond- 
ing region  of  the  spectrum,  and  divide  the  sum  of  these  products 
by  the  sum  of  the  numbers  denoting  the  brightnesses.  For 
example,  if  w^,  no,  a     etc.,  are  the  indices  of  refraction  for  the 

first  medium  corresponding  to  the  Fraunhofer  lines  a,  /?,  7-,  etc, 
r/^,  r/^,  n'     etc.,  the  corresponding  quantities  for  the  second 

medium,  and  q^,  ^„  ^„  etc.,  are  the  relative  quantities  of  light 
contained  in  the  solar  spectrum  between  the  lines  a^,  ^^  etc., 
then  the  accepted  value  of  the  coefficient  is  given  by  the  equa- 
tion : 

-^=q.—  ^-q.-- ^    -hetc. 

an      "^  *  n.^—n        ''•  /.    —n, 

— —  ,  —  —  « 

</!  +^2  +etc. 

Fraunhofer  found,  however,  that  for  a  combination  of  crowo 

and  flint  glass  this  method  always  gives  too  large  a  value  for 

dn' 

— ,  that  is  to  say,  that  an  objective  so  constructed  would  be 

notably  under-corrected.  Nor  is  it  difficult  to  recoornize  that 
the  theory  is  imperfect,  for  it  implies  that  light  of  all  refrangi- 
bilities is  of  value  in  the  formation  of  the  image  exactly  iti 
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)portion  to  its  intensity,  whereas,  in  reality,  light  of  the 
tremes  of  refrangibility  instead  of  assisting  in  defining  an 
age  is  absolutely  harmful.  Fraunhofer  was  driven,  there- 
■e,  to  a  purely  empirical  determination  of  the  quantity  under 
Kjussion ;  and  from  his  time  to  the  present,  the  only  way  for 
optician  to  determine  the  relative  foci  of  the  two  components 
an  achromatic  objective  is  by  a  laborious  process  of  altering 
B  curves  and  testing  the  result  until  the  outstanding  color 
out  the  image  of  a  bright  star  is  such  as  experience  has  shown 
attended  with  good  definition.  A  few  of  the  more  scientific 
ticians  determine  the  coefficient  by  means  of  prisms  instead 
lenses,  and  thus,  by  a  knowledge  of  the  mathematical  rela- 
ys involved,  save  a  great  deal  of  manual  labor.  Still,  even 
the  case  where  a  pair  of  prisms  combined  to  form  a  diasporo- 
'Aer  is  used,  instead  of  a  pair  of  lenses,  the  accepted  value  of 
e  coefficient  depends  upon  an  exercise  of  the  judgment 
one,  and  hence  this  process  yields  no  unambiguous  solution. 

II.  A  Theoretical  Solution, 

In  order  to  investigate  the  best  theoretical   value  for  the 

)effiicient  — ,  we  may  begin  by  expressing  n'  either  directly 

•  indirectly  as  a  function  oi  n.  The  most  naturally  suggested 
)urse  is  to  express  each  as  a  function  of  the  wave-length  of 
ght  according  to  Cauchy's  well  known  formula;  but  not  only 

the  labor  of  computing  the  constants  for  the  necessary  three 
Tras  of  such  a  formula  great,  but  the  accuracy  of  the  expres- 
ons  thus  obtained  is  very  inconsiderable.  In  another  article,* 
owever,  I  have  shown  that  w'  may  be  expressed,  for  all  cases 
t  practical  importance,  as  a  function  of  n  by  a  simple  trinomial 
f  the  second  aegree  so  that  the  residuals  are  smaller  than  the 
rrorsof  observation  except  in  cases  where  very  extraordinary 
ccaracy  is  attained. 

We  have  thus : 

n'  =.a ■\-  ftn ■\-  yn*  ; 

nd  the  equations  above  become 

l=^=(n-l)  A  +  (a-l4-/?n  +  ;/w2)  B  (l') 

^=0=A  +  (^-f2rn)B  (2') 

A=:-B  (/?  +  2;/n).  (3') 

The  problem  is  to  determine  the  particular  value  of  n  which 
1  be  most  advantageously  substituted  in  the  last  equation. 

On  Triple  Objectives  with  Complete  Color  O)rrection.  This  Jouraal,  vol. 
i,  p.  429,  1879. 
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This  value  will  be  designated  as  tiq  and  the  corresponding  focal 
distance  as  Pq. 

To  accomplish  the  solution  we  must  first  find  a  criterion  of 
excellence  in  an  objective.  This  we  may  easily  do,  after  de- 
fining the  sense  in  which  we  here  use  certain  terms,  as  fol- 
lows : — 

Light,  for  the  purpose  of  this  investigation,  is  defined  as  that 
form  of  radiant  energy  which  affects  the  retina;  its  quantity  is 
measured,  not  by  the  value  of  the  energy,  but  by  the  physio- 
logical effect  which  it  is  capable  of  producing. 

The  intensity  of  light  of  refraugibility  n  is  measured  by  tlw 
quantity  of  light  contained  between  the  refrangibilities  n  and 
n+dn  divided  by  dn.  Thus,  if  y,,  equals  the  quantity  of  light 
so  defined  and  e^  its  intensity,  then 

qn=indn. 

In  what  follows  we  shall  consider  only  such  light  as  is  given 
out  by  a  very  hot  solid  body.  This  light  is  composite  and 
contains  light  of  all  refrangibilities  from  a.little  less  than  that 
of  the  Frauiihofer  line  A  to,  practically,  a  little  more  than  that 
of  the  line  H.  We  let  n^  and  n^  represent  these  limits  of 
refrangibility.  Then,  if  Q  is  the  total  amount  of  light  falling 
upon  a  given  area,  e.  g.  upon  an  objective,  we  have  evidently 

Q=2q=/     idn. 

In  this  expression  t  is  an  unknown  function  of  w,  but  we  know 
enough  of  the  properties  of  this  function  for  the  present  pur- 
post;. 

A  perfect  objective  would  concentrate  all  the  light  incident 
upon  it  from  a  distant  point  in  its  axis  to  a  very  small  circular 
area  in  the  focal  plane,  wliich  area  would  be  constant  for  all 
telescopes  of  the  same  angular  aperture.  The  most  perfect 
attainable  objective  then  would  be  that  which  concentrates  the 
greatest  attainable  amount  of  light  within  this  area.  To  inves- 
tigate the  conditions  which  must  be  satisfied  to  this  end  we 
must  determine  the  amount  of  light  falling  within  a  small  cir- 
cular area  a  at  Po,  the  radius  of  which  we  will  set  as  a  \%)f^ 
where  a  is  the  angular  aperture  of  the  objective.  It  is  evident 
that  all  the  light  of  such  refraniribilities  as  substituted  in  (1') 
would  yield  values  of  P  contained  between  Po—a  and  Po+* 
would  fall  within  the  area  a.  These  limiting  refrangibilities 
shall  be  denoted  by  /?_„  and  D^^a-  0"ly  a  portion  of  the  light 
of  refrangibiliiies  less  than  ?/_„  and  greater  than  /i^^,  however, 
falls  upon  this  area,  the  amount  for  light  for  the  refrangibiliij 
n  being  clearly. 


n^ 
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lence  the  total  qaaDtity  of  light  falling  upon  (r  would  be  equal 
to  the  sum  of  three  integrals,  the  first  tafcen  from  the  extreme 
red  up  to  w.^,  the  second  from  ti_„  up  to  w^.^,  and  the  third 
from  this  last  limit  up  to  the  extreme  violet;  that  is,  if  q  be 
this  quantity. 

To  find  the  value  of  n^  which  will  render  the  last  expression  a 
maximum,  it  is  necessary  to  find  the  first  derivative  of  the 
function  with  respect  to  Wo  and  set  it  equal  to  zero.    Eemember- 

dV 

ins;  that  -7-*'=0,  we  see  that  P„,  n_a  and  n . «  are  the  onlv  quan- 

titles  dependent  upon  n^  hence  we  obtain  by  differentiation 
under  the  signs  of  integration, 


"J 

%/  fir 


dn,  Jn.       (P.-P.)"    dn,      "   (P„-P„_)» 

+  '»^    '»-    ''V^^   (P„-P.)»   rf«,         (P-P„+.)* 
But  from  the  definition  of  the  quantities  w_<,  and  n^a  we  have 

Hence  the  value  of  -^  reduces  to  minus  the  product  of  2a' 

into  the  sum  of  two  definite  integrals,  and  the  problem  becomes 
simply  the  determination  of  the  value  of  n^  which  will  cause 

^P«         1 

this  sum  to  vanish,  or,  since  -r-^  70 — p-r^  must  have  opposite 

signs  in  the  two  integrals  because  ~t~"=0,  that  value  which  will 

make  the  two  integrals  equal.  If  both  e^  and  P„  were  sym- 
metrical with  respect  to  some  one  value  of  w,  that  value  would 
evidently  answer  the  condition  ;  otherwise  it  is  necessary  to 
know  the  function  e^- 

It  would  be  easy  to  find  a  transcendental  function   which 

irould    express   empirically    the    photometric  observations  of 

Fraunbofer,  or  the  more  recent  and  elaborate  ones  of  Vierordt, 

bat  a  simple  consideration  of  the  physical  limitations  of  the 

problem  will  enable  us  to  dispense  with  this  operation. 

Hitherto  we  have  made  no  restrictions  as  to  the  value  of  a, 
jei  us  now  suppose  that  a  is  so  small  that  it  may  be  regarded 

s  the  image  of  a  star,  then  a  is  small  and,  since  -^^=0,  P^  may 
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be  regarded  as  symmetrical  with  respect  to  n©  for  value 
diflferiug  largely  from  P©.  Again,  for  white  light,  e^  is  si 
by  the  photometric  observations  above  named  to  have  a  s 
maximum  corresponding  to  a  certain  value  of  n  which  we 
designate  as  n^,  and  consequently  may  be  regarded  as  a 
metrical  function  of  n  in  the  region  of  this  maximum.     Fi 

— -*  is  never  large  in  practical  cases  between  the  limits  n, 
dno 

Up  while  Po— Pn  increases  continuously  in  numerical  ^ 
toward  these  limits.  If  then  we  set  Wo=ni  the  two  de 
integrals  become  sensibly  equal  and  y  is  a  maximum. 

Tne  value  n^  corresponds  to  light  of  a  refrangibility  gr 
than  that  of  the  Fraunhofer  line  D  and  less  than  that( 
nearer,  however,  to  the  former.  The  only  prominent  Fi 
liofer  line  readily  seen  with  a  crown  glass  prism  of  mod 
dimensions  in  this  region  is  that  of  wave  length  5614. 
1  will  assume  as  defining  n^  and  consequently  the  ratio  of 

B  in  (3'). 

In  all  substances  practically  useful  in  telescope-making 
(2')  is  positive,  therefore  P^  is  a  minimum. 

The  reasoning  given  above  is  evidently  applicable  t 
forms  of  radiation  transmitted  by  the  lens  system  if  approf 
definitions  for  q  and  e  are  given  and  e  possesses  a  single 
imal  value.  For  instance,  in  the  case  of  radiant  energy, 
and  simple,  /?„  should  equal  /?^  nearly  (lenses  of  glass);  an 
a  photographic  objective  where  silver  salts  are  to  be  acted 
izq  should  be  nearly  equal  to  Wq. 

It  will  be  observed  that  the  term  color  and  all  considers 
relating  to  color  have  been  entirely  omitted  from  the  discus 
This  is  what  we  miorht  have  anticipated  as  a  necessary  fei 
from  the  remarks  on  page  IJO. 

One  consequence  of  the  solution  above  developed  nia 
here  noted,  viz:  the  focal  plane  is  defined  by  Pq  and  nc 
two  like  values  of  P,,  greater  than  this  minimum.     This  is 
trary  to  the  doctrine  of  some  writers  but  in  accordance 
critical  experiments."^ 

III.   Method  of  applyhiff  the  residts  to  the  2)ra€tical  cotistru 

of  an  objective. 

The  solution  obtained  cannot  be  directly  applied  as  a  i 
in  the  construction  of  an  objective,  for  P  is  by  no  mean: 
simple  function  of  n,  A  and  B  as  implied  in  equation  (T)' 
real  lenses  are  in  question.  Even  if  we  confine  our  atte 
to  central  rays  and  employ  the  exact  formulas  of  Gauss 
process  becomes  so  involved  that  we  would  naturally  sec 

*  See  paper  cited  above,  pp.  434-435. 
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lier,  even  if  indirect,  method ;  to  a  still  greater  degree  if  we 

jh  to  consider  the  far  more  important  marginal  rays. 

There  are  several  evident  methods  of  finding  indirectly  the 

istants  of  the  objective,  but  the  most  practicable  one  has 

med  to  me  the  following : ' 

ffe  have  as  data  a,  /3  and  y  in  the  formula 

n^  =za  -\-  (in-^  yn^  ; 
F,  the  required  focal  length  of  the  objective.     Then  set 

p  =^=Ku-l)  A-f  (M',e,4-1)  B 

A  =  -B  (/^  +  2;/n,,u). 

ese  last  two  equations  yield  the  values  of  A  and  B.  In  the 
leral  equation  (1')  substitute  these  values  of  A,  B,  a,  ^,  y 
th  some  known  value  of  n  other  than  n^g^^,  e.  g.,  I  have  gen- 
illy  used  the  value  n^.  Its  solution  will  give  the  value  of 
3  focal  length  for  light  of  the  refrangibility  C.  Let  this  value 
P  be  substituted  in  turn  in  equation  (!')  and  solve  with  re- 
ict  to  n.  We  shall  thus  obtain  two  values  of  w,  one  of  which 
»c  and  the  other  a  value  greater  than  n^^  whicli  we  may  call 
and  if  we  substitute  this  in  the  equation  connecting  n  and 
«re  shall  be  able  to  derive  the  corresponding  value  wV  This 
ill  that  the  consideration  of  infinitely  thin  lenses  can  do  for 
but  from  it  we  have  found  that  the  rays  of  refrangibility 
loted  by  C  and  c  should  have  a  common  focus,  and  we  have 
0  the  values 


M. 

n\ 

"mh 

n\ 

«> 

n'. 

6614 


Saving  given,  the  thickness  of  the  lenses  and  the  distance 
:ween  them,  and  having  assumed  radii  proper  to  correct 
lerical  aberration,  we  calculate  the  courses  of  three  marginal 
^s  of  refrangibilities  defined  above,  and  of  one  central  ray  of 
iangibility  5614.  Bysuccessi  e  trials  and  modifications  of 
ee  of  the  radii  we  can  meet  the  three  conditions,  that  the 
rginal  and  central  rays  5614  unite  in  a  point  on  the  axis, 
It  this  point  is  at  a  distance  F  from  the  second  principal  point 
the  system,  and  that  the  marginal  rays  C  and  c  unite  at 
)ther  point  on  the  axis.  The  remaining  arbitrary  constants, 
:  the  thicknesses,  distance  and  fourth  radius,  may  be  utilized 
the  purpose  of  satisfying  other  conditions;  but  ihe  consid- 
;ion  of  such  conditions  is  at  present  foreign  to  our  purpose. 
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IV.  Practical  tests  of  th^  value  of  the  foregoing  theory. 

There  are  two  evident  methods  for  determining  the  value 
the  results  which  we  have  obtained ;  one  is  to  construct  a  t 
escope  according  to  the  principles. developed  in  the  theory  a 
study  its  performance,  and  the  other  is  to  find  how  the  pracl 
of  the  most  approved  makera  agrees  with  that  as  founded  up 
the  theory,  feoth  of  these  tests  I  have  applied  with  thoroug 
ness  and  will  here  give  the  results  in  the  order  named. 

Three  object  glasses,  involving  the  use  of  six  varieties 
glass,  have  been  constructed  according  to  the  principles  dev( 
oped  above.  The  first  was  of  4*1  inches  aperture  ana  53  inch 
focal  length,  with  the  flint  in  advance  of  the  crown.  The  mat 
rials  of  which  this  objective  are  made  are  the  flint  glass  of  Fe 
No.  1237,  and  the  crown  glass  of  the  same  maker,  No.  1219 
The  focal  length  was  purposely  made  small  so  as  to  yield  tl 
severer  test. 

The  second  objective  has  a  clear  aperture  of  6J-  inches  and 
focal  length  of  91  inches.  The  crown  lens  is  in  advance  ar 
the  curves  are  such  as  satisfy,  for  a  first  approximation,  tl 
conditions  proposed  by  Sir  John  Herschel.  This  form,  thoa<! 
ordinarily  known  as  Herschers,  cannot  be  said  to  differ  froi 
that  chosen  by  Fraunhofer  at  a  date  earlier  than  that  of  tl 
publication  of  Herschel's  paper. 

The  third  experiment  was  tried  at  the  instigation  of  my  frier 
Mr.  C.  H.  Rockwell,  who  bore  the  expense  of  the  fine  disl 
employed.  These  were  ordered  from  Feil  at  Paris,  and  were « 
exceptional  thickness  in  order  to  allow  greater  latitude  in  tl 
selection  of  radii.  The  objective  has  a  clear  aperture  of  9 
inches  and  a  focal  length  of  141  inches.  It  has  undergone 
critical  investigation  at  the  observatory  of  Cincinnati.  As 
possesses  a  number  of  novel  features  other  than  that  of  its  col( 
correction,  I  may  give  a  complete  description  of  it  at  anoth» 
time. 

All  of  these  lenses  were  finished  strictly  in  accordance  wit 
the  theory  developed  in  this  paper,  that  is,  the  curves  wei 
ground  very  exactly  according  to  the  values  yielded  by  calculi 
tion  and  the  objective  finished  before  testing.  An  extreme) 
delicate  spherometer  was  employed  to  determine  the  radii,  h 
all  the  objectives  are  of  the  highest  excellence,  the  usefulne 
of  the  theory  may  be  regarded  as  demonstrated. 

For  the  second  lest  proposed,  we  possess  the  results  of  tl 
studies  of  two  distinguished  spectroscopists  on  the  character 
the  color  correction  of  several  large  telescopes.     To  these  I  cj 
add  two  more. 

♦  The  optical  properties  of  these  jflasses  a.s  well  as  tlioae  of  the  G^  inch  ohj 
tive  are  given  in  a  paper  entitled,  On  tlie  infinence  of  Temperature  on  the  Opti 
Constanta  of  Glass.     This  Jour.,  vol.  xv,  pp.  269-275,  1878. 
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jsor  Vogel,  in  the  Monatsbericht  d.  k.  Preuss.  Aka- 
.  Wissenschaften  for  April,  1880,  has  described  three 
lescopes  in  respect  to  their  color  correction,  one  by 
r  of  298"°*  aperture,  another  by  Grubb  of  207°^  aper- 
:1  a  third  by  Fraunhofer  of  243*"°  aperture,  as  deter- 
y  observing  a  stellar  image  spectroscopically.  A  fourth 
e  by  Steinheil  of  135™™,  less  completely  investigated,  is 

importance  to  us  here  on  account  of  its  smaller  size, 
.hod  was  to  determine  the  various  lengths  of  the  teles- 
len  a  stellar  image,  observed  through  the  eye-piece 
v^ith  a  prism,  was  caused  to  exhibit  the  greatest  con- 
5  at  recorded  intervals  in  its  spectrum. 
5sor  Young,  in  this  Journal  for  June,  1880,  gives  the 
>f  his  measurements  on  two  telescopes  by  the  Clarks, 
nearly  nine  and  a  half  inches  aperture.  The  method 
d  was  analogous  to  that  of  Vogel  except  that  a  very 
1  spectroscope  was  used  and  the  limb  of  the  sun  taken 
A  a  star.  By  this  means  the  focal  planes  for  various 
ngths  of  light  were  determined  by  the  position  of  the 
5  of  the  spectroscope. 

e  summer  of  1879  I  determined,  by  the  method  last 
d,  the  color  characteristics  of  Mr.  Edgecomb's  telescope 
ford.  Conn.,  a  9*4:  inch  objective  by  the  Clarks,  and, 
ofessor  Van  Vleck's  assistance,  those  of  the  12-inch 
,  the  Weslevan  Universitv. 

mpare  these  various  successful  practical  solutions  with 
en  by  the  theory  embodied  in  this  paper,  I  found  by 
ition,  using  the  first  two  terms  of  Cauchy  s  formula, 
e  lengths  corresponding  to  the  various  values  of  n„  that 

wave  lengths  which  should  have,  according  to  theory, 
al  point  coincident  with  light  defined  by  the  Fraunhofer 

They  are  for 

w.  L. 

Crown  glass  1219  500*4 

"  "      of  6i  in.  499-6 

"  "      of  9-4  in.  498-6 

Flint  glass  1237  500-7 

"         "     ofeiin.  499-7 

"         "     of  9-4  in.  498-9 


Mean,  499-6 

orresponding  values  as  derived  by  measurement  from 
telescopes  are  as  follows : — 


i 
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W.L. 

Makers. 

630 

Fraunhofer. 

465 

Schroder. 

494 

Grubb. 

400 

Clark. 

622 

(( 

496 

u 

497 

" 

Authority. 
Vogel. 


Remarks. 


Young. 
Hastings. 


Princeton  telesc 
Dartmouth. 
Edgecomb's. 
Wesleyan  Univ 


499-0 


Mean. 


The  close  agreement  of  these  means  may  be  taken  as  a  ( 
sive  proof  of  the  correctness  of  the  theory. 

The  almost  identical  values  of  the  wave  length  of  light  w 
should  unite  at  the  focus  with  the  light  C  for  six  varieti* 
glass  suggests  another  method  of  applying  the  results  of 
theory  in  practice,  which  is  a  very  simple  one.  The  nej 
prominent  Fraunhofer  line  to  this  wave  length,  that  is. 
nearest  one  which  can  be  readily  measured  in  a  spectrum 
duced  by  a  small  crown  glass  prism,  is  W.  L.  o00'5.  He 
in  practice,  determine  the  indices  of  refraction  for  the  lin( 
W.  L.  561*4  and  W.  L.  500*5  in  both  materials  to  be  u 
calculate  the  curves  of  the  objective  so  that  the  spherical  i 
ration  for  ray  561*4  shall  vanish  while  marginal  rays  C 
500*5  have  a  common  focal  point.  This  method,  though  sii 
and  direct,  is  without  doubt  sufficiently  correct  for  all  telesc 
of  moderate  apertures  and  all  varieties  of  glass  hitherto  use 
their  construction. 

•Johns  Hopkins  University,  Jan.,  1882. 


Art.  XV. — To  Out  a  Millimeter  Screw:  bv  Charles  K.  W 

The  increasing  attention  paid  to  the  metric  system 
ders  it  more  and  more  desirable  to  put  the  relations  betv 
this  and  the  English  system  of  weights  and  measures  in  as 
pie  a  light  as  possible.  If  a  screw  is  to  be  cut  on  an  ordi 
lathe  with  its  pitch  a  convenient  number  of  teeth  to  the  n 
meter,  centimeter  or  meter,  the  change- wheels  are  not  ada 
to  the  purpose.  The  only  reference  I  have  ever  found  tc 
subject  is  in  Chambers'  Encyclopedia,  article  "Wheelwc 
where  the  problem  is  given  to  compute  the  gears  needed  tc 
a  screw  of  200  threads  to  one  meter,  on  a  lathe  whose  i 
screw  has  four  threads  to  the  inch;  by  continued  fractions 
number  of  teeth,  beginning  with  the  spindle,  is  found  t 
50,   48,  89,   73;     i.   e.,   if  a:=number  of  threads  to   1  i 
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=  7^^X4=508,  or,  in    1    meter    are    5*08 X 39-37=200 
48x73 

ireads.     This  requires  two  gears  with   a  prime  number  of 

?eth. 

A  simpler  method  than  this  I  suggested  four  years  ago  to 
[essrs.  Buff  &  Berger,  of  Boston,  and  by  it  they  cut  me  some 
2ry  satisfactory  screws  with  1  thread  to  the  millimeter,  using 
leir  new  lathe  with  two  dead  centers  ;  as  it  was  new  to  them, 
fid  to  all  my  friends  familiar  with  mechanical  work  to  whom 
have  spoken  of  it,  I  venture  to  publish  it  though  it  seems  too 
mple  to  have  escaped  previous  notice. 

The  method  is  based  on  the  fact  that  1  inch  equals  very 
early  25*4  millimeters;  it  would  equal  it  exactly — 

If  one  meter  equals  39*37008  inches. 
Clarke's  value      '*       39*37043       '* 
Kater's      "  "        39*37079       " 

This  *'  mechanical "  meter  differs  from  the  best  determination 
et  made,  Clarke's,  by  no  more  than  that  differs  from  the  next 
test  one,  viz:  ^ ^ ^^^^ ^ ^  part,  though  in  the  opposite  direction. 
?he  form  in  which  the  direction  was  given  to  Buff  &  Berger 
ras,  "gear  the  lathe  so  as  to  cut  a  screw  with  twenty  threads 
0  the  inch,  with  a  gear  of  100  teeth  on  the  feed-screw  ;  replace 

(254\ 
=  — ^j,  and  the  pitch  will  be  1  millimeter, 

;he  theoretical  error  being  much  less  than  the  mechanical  error 

127 

)f  cutting."     Thus,  on  the  lathe  above  referred  to,  ^="^7r  X4= 

127 
M  to  the  inch,  or  1  to  the  millimeter;  again,  ^=77^X4:-=- 

254=^ — i.  e.  1  thread  to  5  millimeters. 

On  small  lathes  it  may  often  be  necessary  to  put  the  127 
gear  on  the  arm  because  the  screw  and  spindle  are  too  near 
together,  and  perhaps  to  get  a  longer  arm  than  usual ;  but 
neither  this  nor  the  calculation  for  any  whole  number  of 
threads  to  the  millimeter,  centimeter,  or  decimeter  will  present 
any  great  difficulty  to  any  one  familiar  with  the  principle. 

PhyBical  Laboratory,  University  of  Michigan,  Dec.  15,  1881. 
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Art.  XVI. — On  the  Oold-bearing  Rocks  of  the  Province  of  Minos 
Geraes,  Brazil ;  by  Orville  A.  Derby. 

The  rock  series  of  MinasGeraes,  which  have  heretofore  been 
recognized  as  auriferous,  are  the  gneisses  and   mica  schists  of 
the  crystalline  group,  and  the  quartzites,  unctuous  schists,  and 
iron  ores  (iiabirites),  of  the  less  highly  metamorphosed  group  of 
rocks   succeeding  the    crystalline  series.      To  these    may  be 
added  a  second  group  of  quartzites  lying  unconformably  on 
the  second  metamorphic  series.     In  all  these  rocks  the  gold  is 
in,  or  in  the  immediate  vicinity  of,  veins  of  quartz,  generallj 
if  not  always  accompanied  by   pyrites,   cutting  the    beds  of 
accompanying  the  bedding,  or  in  vein-like  lines  of  a  peculiar 
clay  or  iron  ore.     In  a  recent  trip  down  the  Rio  das  VelhasI 
noticed  that  long  after  having  passed  the  region  in  which  rocks 
generally  recognized  as  auriferous  were  exposed  on  the  river 
bank,  the  sand  and  gravel  deposits  of  the  bed  are  apparently 
as  rich  in  gold  as  are  those  within  that  region.     At  the  same 
time  trial   washings  at  the  mouths  of  the  rivers  Parauna  and 
Pardo,  tributaries   which  at  a  short  distance  from  the  main 
river  issue  from  the  auriferous  series  about  Diamantina,  and 
might  therefore  be  supposed  to  be  richer  in  transported  gold, 
proved  that  the  sands  of  these  streams  are  much  poorer  than 
those  of  the  main  river,  and  go  to  show  that  gold  even  in  rapid 
flowing  rivers  is  transported  a  much  less  distance  than  is  gen- 
erally  imagined.      An  examination   of  the  numerous  quartz 
veins  which  traverse  a  series  of  inclined  beds  of  clay  slates, 
limestones  and  sandstones,  quite  distinct  from  the  metamorphic 
series,  revealed   the  fact  that  many  of  them  carry  pyrites  and 
gold.     This  series  has  not,  so  far  as  I  am  aware,  been  recog- 
nized  as  auriferous.     This  series  is  of  uncertain  age,  but  is 
probably  Paleozoic. 

Another  peculiar  formation  has  been  extensively  worked  at 
the  city  of  Sao  Joad  Delrei.  The  rock  here  is  an  ancient  con- 
glomerate containing  rolled  pebbles  of  itacolumite,  unctuous 
schists,  etc.,  and,  except  in  its  conglomerate  character,  bears  so 
close  a  resemblance  to  the  upper  quartzite  series  above  men- 
tioned that  it  is  difficult  to  doubt  its  identity.  The  gold  is 
apparentl}^  in  its  secondary  deposit  in  this  rock.  I  have  else- 
where attempted  to  show  that  at  Grao  Mogol,  in  the  northern 
part  of  the  province,  a  similar  conglomerate  of  the  same  series 
is  a  secondary  deposit  of  the  diamond,  and  have  now  to  add  to 
this  list  of  diamantiferous  and,  to  a  small  extent,  auriferous 
conglomerates,  of  the  upper  quartzite  series,  the  heavy  beds  of 
Curralinho  and  Bom  Successo  to  the  east,  and  of  Guinda  and 
Sopa  to  the  west  of  Diamantina.  In  the  west  of  the  province 
a  newer  conglomerate  appears  to  have  furnished  the  diamonds 
of  the  Jezuetaby  and  Abacte  washings. 
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VII. — The  Flood  of  the  Connecticut  River  Valley  from  the 
ig  of  the  Quaternary   Olacier ;  by  J.  D.  Dana.     With 

n. 

[Continued  from  page  97.] 

Dimensions  and  velocity  of  the  flooded  Connecticut 

e  preceding  pages  it  has  been  shown  that  daring  the 
he  melting  of  the  glacier  the  Connecticut  Eiver  and  its 
ies  participated  together  in  the  rising  flood  and  in  the 
f  transportation  and  deposition ;  that  the  tributaries 
.  in  the  chief  part  of  the  materials  for  the  terrace-f or  ma- 
id that  the  main  stream  left  its  best  registerings  of  high- 
lark  in  the  deposits  about  or  near  their  mouths.  When 
d  was  at  its  height,  the  Connecticut  was  one  continuous 
hurrying  seaward,  as  it  is,  though  in  a  more  moderate 
ring  a  modern  flood. 

nay  now  seek  to  determine  approximately  the  dimen- 
d  velocity  of  the  river  when  at  maximum  flood,  taking 
several  points  in  the  following  order: — (1)  the  height  of 
ers;  (2)  the  mean  depth;  (3)  the  mean  width;  (4)  the 
ope  ;  (5)  the  velocity.  As  to  the  height  along  the  val- 
facts  are  obtainable  with  a  near  approach  to  accuracy 
le  height  of  the  normal  upper  terrace.  But  for  the 
id  width  the  data  are  less  satisfactory  ;  and  for  the  slope 
xiity,  or  the  height  of  the  water  surface  with  reference 
5vel,  on  which  slope  and  velocity  depended,  the  evi- 
1  still  more  uncertain. 

^XIMUM  HEIGHT  OF  THE  WATERS  ALONG  THE  VALLEY. — 

the  flood  had  made  much  progress,  the  level  of  the 
\y  have  been  the  same  with  the  present  low-water  level, 
7  it.  And,  between  this  condition  and  the  end  of  the 
he  waters,  there  were  successive  levels  along  the  valleys 
le  perhaps  of  long  duration.  There  are  no  satisfactory 
•f  determining  the  height  either  of  the  lowest  or  of  any 
g  stMge,  excepting  the  last — that  of  maximum  flood. 

regard  to  the  level  of  maximum  flood  we  take  the 
brded  by  the  heights  of  the  normal  upper  terraces  in 
erent  parts  of  the  valley.  To  show  these  heights  at  a 
and  the  continuous  line  of  the  water-surface  I  have 

them  for  the  several  points  of  observation,   together 
e  levels  of  low   water  and  mean  tide,  so  as  to  make  a 

of  the  flooded  valley  and  stream ;    and  this  section  is 
id  on  Plate  2. 
plate  contains,  above  the  section,  in  tigure  1,  a  map  of 
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the  river  and  its  vicinity  on  a  scale  of  18  miles  to  the  inch  (or 
1^  miles  to  the  line),  which  extends  from  the  village  of  Co- 
lumbia, toward  its  source  (about  28  miles  from  the  more 
southern  of  its  head  lakes  called  Connecticut  Lake)  to  Long 
Island  Sound.  The  position  of  the  western  outliers  of  the 
White  Mountains  is  seen  to  the  east  of  Wells  River  and 
Haverhill.  The  Green  Mountains,  on  the  west,  are  too  distant 
to  be  included.  The  section  of  the  flooded  stream  just  referred 
to  is  on  the  same  scale  as  to  length  measured  along  the  valley 
(not  the  river)  but  extends  only  to  Stratford  Hollow,  46  miles 
from  Connecticut  Lake,  on  account  of  the  northeastward  bend 
in  the  more  northern  part  of  the  valley.  The  vertical  scale  of 
the  section  is  800  feet  to  the  inch,  or  25  feet  to  the  line.  In 
this  section  the  longitudinal  line  AS  indicates  mean-tide  level; 
BS  the  level  above  mean-tide  of  modem  low  water  in  the  Con- 
necticut, the  figures  under  the  line  giving  the  same  in  feet  for 
the  places  mentioned  below ;  and  CS',  flood-level  when  the 
flood  was  at  or  near  its  maximum-height.  The  figures  directly 
below  CS'  give  the  height  of  the  surface  above  mean  tideal 
each  of  the  places  stated,  and  those  reading  vertically,  the  dif- 
ference between  modern  low-water  level  and  the  highest  flood- 
level. 

For  the  part  of  the  section  north  of  the  Massachusetts  line  the 
levels  for  mean  tide,  low  water,  and  maximum  flood  have  been 
taken  mostly  from  Mr.  L^pham's  very  valuable  Repoi-t.  But  with 
regard  to  the  particular  terraces  that  mark  the  maximum  height 
of  the  flood  I  diverge  from  him  in  many  parts  widely ;  and  in  a 
few  other  points  I  have  depended  on  my  own  examinations. 
Some  of  these  divergences  I  here  mention  in  order  that  the  nature 
of  the  changes  introduced  may  be  understood.* 

The  height  of  the  "  highest  normal  terrace"  at  Lancaster,  ac- 
conling  to  Mr.  Uphara,  is  30  feet  above  low  water  in  the  river. 
But  the  so-called  "  delta  terrace"  of  Israel's  Brook,  just  above  the 
village,  having  a  height  of  75  feet  according  to  his  measurements 
(and  my  own),  borders  strictly  the  Connecticut  River  valley  and 
was,  beyond  question,  levelled  off  by  the  flooded  river.  It  is  the 
highest  terrace  at  the  place.  Four  miles  north,  at  the  mouth  of 
Gaskill  Brook,  Mr.  Upham^s  map  has  a  terrace  100  feet  above  the 
river,  which  also  Ix^rders  the  Connecticut  valley ;  and  15  miles 
farther  up  the  valley  (3  miles  above  Stratford  Hollow),  there  is  s 
terrace  lao  feet  above  low, water.  The  actual  height  of  flood- 
level  at  Lancaster  and  above  was  certainly  up  to  the  75-foot  ter- 
raco-plain,  and  probably  up  to  the  ICK^-foot,  if  not  the  still  higher 

*  la  ;h^  :aies*5iir>»iDe:it*  of  the  •.^•^t5  of  terrace-*  I  hire  a=ed  a  hand-ieveL  Ai 
tfc*  melbxxi  :5  k^  exiot  ih*n  t*-AS  e^^ proved  bj  Mr.  Upbam.  I  hare  alvajrs  in  any 
i>Mi»M$ui>Ki^esvS  *ccepiie»i  ilr.  Up"  .ains  r«5ul:5. 

la  $p«Mkkiiu:  :f  *  seme*".  I  rrV-  u5<e  tbe  lerai  Terrrmre-jpiaiM  for  the  pfadn  thit 
Bttbee  ibe  u>p  cil  ih^  si^rrfto?.  ac4  >^^  x)t'f'^%l.  fee  tLe  bxML  slope  of  the  temoe, 
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• 
)-foot;  it  is  made  100  feet  on  the  chart;  while  the  130-foot 
el  is  indicated  by  a  dotted  line.  Along  the  Fifteen-mile  Falls, 
tween  John's  River  and  the  mouth  of  the  Passurapsic,  the  region 
the  upper  falls,  according  to  Mr.  Upham,  is  without  regular 
n*aces  ;  but  that  of  the  lower,  below  Lower  Waterford,  has  hills 
d  terraces  of  stratified  drift  which  reach  in  some  places  a  level 

200  feet  above  the  river.     So  great  a  height  here  favors  the 
ew  that  the  130-foot  level  at  and  above  Lancaster  is  the  most 
larly  right.      My  personal  observations  in  the  valley  beyond 
arnet  were  limited  to  the  single  locality  of  Lancaster. 
At  Bamet,  in  Vermont,  three  miles  below  the  termination  of 
le  Fifteen-mile  falls,  the  "  highest  normal  terrace,"  according  to 
T.  Upham,  is  148  to  166  feet  above  low  water  in  the  nver.     A 
rge  upper  terrace  west  of  the  village  off  the  mouth  of  Stevens' 
rook,  (a  "  delta  terrace"  of  Mr.  LTpham,)  I  found  to  be  198  feet 
)oye  the  same  level ;  and  the  small  uppermost  plain,  226  feet. 
.  was  manifest  that  these  plains  were  not  distinctively  terraces 
f  Stevens'  Brook ;  for  the  brook  now  flows  over  stratified  drift 
id  between  bluffs  of  it,  70  to  95  feet  below  the  level  of  these 
lains ;  and  it  could  not  have  worked  at  terrace-making  at  these 
igh  levels,  except  by  the  help  of  the  Connecticut  waters.     That 
i  least    the  lower  of  the  two  terraces   above-mentioned   was 
rictly  a  Connecticut  River  terrace  is  proved  by  the  occurrence 
f  it  two  miles  north  along  the  Connecticut  valley  (near  the 
louth  of  the  Passnmpsic)  with  a  height  of  198  feet  according  to 
Tpham  (p.  60)  above  the  river  at  Barnet,  or  190  above  the  river 
breast  of  the  terrace.     The  material  of  the  Barnet  terraces  is 
i08tly  loam  with  fine  sand  in  straticulate  beds  up  to  the  150-foot 
ivel;  and  at  164  feet,  just  north  of  the  village,  I  found  a  clay- 
ed. 

At  Wells  River,  a  "  delta-terrace,"  263  feet  above  low  water  in 
be  river,  was  found  to  be  the  true  normal  upper  terrace  of  the 
'onnecticut  instead  of  the  terrace  so-made  by  Mr.  Upham  having 

height  of  only  123  feet. 

At  Haverhill  the  "  highest  normal  terrace"  of  Mr.  Upham 
AS  a  height,  as  he  states,  of  only  83  feet.  But  the  true  normal 
pper  terrace  is  over  three  times  this  height,  as  is  shown  by  the 
position  and  extent  of  the  large  Haverhill  terrace-plain  as  well  as 
he  so-called  **  delta-terrace"  of  Oliverian  Brook. 

The  terrace-plain  on  which  the  village  of  Haverhill  is  situated 
as  great  breadth,  and  continues  along  the  Connecticut  for  two 
ailes  south  of  the  village.  Its  height  above  low  water  in  the 
iver,  by  my  measurement,  up  to  a  point  in  the  street  near  the 
otel,  is  269  feet,  and  it  rises  eastward  to  273  feet.  Its  surface 
onsi'sts  of  sand  and  sandy  loam  with  some  small  pebbles,  but 
ecoraes  more  stony  toward  the  hills. 

Mr.  Upham  alludes  to  the  plain,  but  excludes  it  from  the  true 
rraces,  stating  that  it  is  "  a  terrace-like  area  of  tiliy  He  says 
at  "  at  about  one-fourth  mile  southwest  from  Haverhill  village 
gully  recently  made  on  a  previously  smooth  slope,  at  a  height 
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about  175  feet  above  the  river  and  76  feet  below  the  v 
showed  16  feet  of  modified  drift  resting  on  till."  What  I 
at  the  locality  here  (as  I  suppose)  referred  to,  was  a  till-li 
posit  resting  on  the  stratified  drift.  At  the  time  of  my  v 
June  last,  there  were  three  good  sections  of  the  terrace-forn 
along  the  road  that  leads  north  and  west  from  the  high  v 
plain  or  terrace  to  the  river-border  plain,  and  in  each  the  de 
were  chiefly  finely-atraticulate  sand-beds.  In  the  upper  o 
three  sections,  exposing  to  view  the  higher  20  feet  of  the  f 
tion,  the  deposits  were  found  to  consist  of  sand  and  fine  g 
well  bedded,  and  in  part  obliquely  laminated. 

Lower  down  the  road,  30  to  60  feet  below  the  top  of  the  | 
there  was  a  second  section,  exposing  about  30  feet  in  heig 
layers  of  finely  straticulate  sands,  with  some  that  were  pe 
This  stratified  drift  had  a  capping  of  cobblestone  material  v 
lay  somewhat  unconformably  over  the  beds.  The  charact 
the  section  is  shown  in  figure  1 ;  the  sand  beds  are  lettered 
place  of  being  dotted  or  lined,  because  the  very  delicate  stn 
lation  would  be  misrepresented  in  any  engraving  unless  the  1 
were  made  inconveniently  large.  The  cobblestone  capping 
cuts  obliquely  the  upper  of  the  stratified  beds. 
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Layers  of  finely  straticulate  sand  (s) 
and  sand  and  fine  pebbles  {sp)  over- 
laid by  coarse  gravel,  till-like  (c  g). 


Section  3.  Layers  of  sand 
some  of  fine  gravel,  finely  b 
overlaid  by  a  till-like  deposit  ( 


The  third  section,  a  few  rods  farther  down  the  road,  carrie 
section  of  the  terrace-formation  down  from  65  to  90  feet  froi 
top,  or  more  than  half  of  the  way  to  the  83-foot  terrace ;  anc 
was  probably  the  position  of  the  gully  mentioned  by  Mr.  U] 
as  situated  about  75  feet  below  the  village.  Its  beds  wer 
those  of  the  preceding  section.  The  capping  of  stones  and  c 
seen  in  the  former  section,  was  continued  here,  and  had  gi 
thickness  with  larger  unconformability  to  the  stratified  bee 
neath ;  and  some  of  its  stones  were  angular  and  two  feet  in 
eter.  Figure  2,  representing  the  upper  half  of  this  expc 
shows  the  position  of  this  stony  deposit,  c  g^  in  relation  t 
beds  beneath. 

This  till-like  deposit  is  thus  a  superficial  mass  lapping  dow 
slope,  quite  independent  of  the  terrace-formation  ;  and  it  is 
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re  of  subsequent  origin.  It  was  probably  dropped  by  floating 
e.  The  Oliverian  Brook,  which  here  enters  the  Connecticut, 
►mes  directly  from  the  southwestern  part  of  the  White  Mountains, 
-Mt.  Moosilauke,  4811  feet  high  and  not  a  dozen  miles  off,  being 
s  source  (see  map),  and  other  peaks,  2000  to  2500  feet  in  height, 
Drderi ng  its  course.*  The  section  at  the  time  of  Mr.  Upham's 
camination  of  it  must  liave  shown  the  till-like  deposit  but  not 
je  beds  beneath. 

On  an  ascent  of  the  terrace  half  a  mile  farther  south  I  found 
k'idence  of  sand-beds  and  fine  gravel,  but  saw  nothing  of  the  till- 
ke  capping;  and  it  was  evident  that  the  latter  was  a  local  de- 
osit.  Neither  did  I  observe  evidence  of  it  near  the  village  over 
fie  top  of  the  plain. 

At  Pierraont,  the  "  delta  terrace"  of  Eastman's  Brook,  258  feet 
bove  low  water  level,  is  so  situated  evidently  with  reference  to 
ho  Connecticut  vallev  that  it  should  be  taken  as  the  normal 
ipper  terrace,  instead  of  the  78-foot  terrace  made  the  "  highest 
lormal"  by  Mr.  Upham ;  and  at  Fairlee,  a  "  delta  teiTace"  of 
Jacob's  Brook,  having  a  height  of  247  feet,  is  the  upper  terrace, 
instead  of  a  57-foot  terrace  so  made  by  Mr.  Upham. 

In  the  north  part  of  Norwich,  the  kame,  according  to  Mr. 
rpham,  has  a  height  of  189  to  224  feet  above  low  water  in  the 
river;  and  the  mean  of  these  extremes,  207  feet,  is  not  too  high 
for  flood  level,  and  this  is  taken  as  the  height  instead  of  the  159- 
foot  terrace  of  Mr.  Upham. 

In  Hanover,  the  Mink  Brook  "  delta  terrace"  carries  the  height 
up  to  207  feet  above  low  water  in  the  river. 

Between  Hanover  and  White  River  Junction — four  miles  apart 
— there  are,  near  midway,  falls  of  40  feet. 

At  White  River  Junction,  the  southwest  kame  warrants  carry- 
ing the  level  up  to  213  feet  at  least,  in  place  of  177 ;  and  a  ter- 
nee  to  the  west  of  it  makes  the  full  height,  as  I  found,  242  feet* 
The  correctness  of  this  higher  level  is  sustained  by  the  height 
which  Mr.  Upham  gives  on  his  map  for  the  upper  terrace  and 
bme  three  miles  soutli,  in  North  Ilartland,  namely,  242  feet,  and 
Dearly  by  that  of  the  "  delta  terrace"  of  Lull's  Brook,  227  feet 
Ueb,  four  miles  farther  south  in  Hartland. 

In  Windsor,  I  made  measurements  up  to  the  high  plain  west  of 
be  village,  and  found  it  216  feet  above  low  water  in  the  river, 
rhich  is  the  height  taken  in  place  of  the  196-foot  terrace.  The 
laterial  of  the  terrace  was  fine  sand  and  loam,  but  slightly  peb- 
ly  in  the  upper  portion.  It  is  a  terrace  of  Mill  Brook,  but  not 
?«  so  of  the  Connecticut. 

These  examples  are  sufticient  to  explain  the  course  I  have  pur- 
led. 

For  the  height  of  flood-level  in  the  part  of  the  valley  passing 
trough  the  State  of  Massachusetts  I  have  used    some  of  the 

•  Professor  C.  IT.  Hitchcock  observes,  in  vol.  i  of  the  Geological  Report  of 
pw  Hampshire  (p.  21 7 X  that  the  Oliverian  Brook  in  Haverhill  may  be  expected 
ahow  signs,  through  boulder  deposits,  *'  of  a  local  glacier  descending  the  west 
ok  of  Moosilauke." 

Ijc  JouB.  Sci.— Thibd  Sbbibs,  Vol.  XXIII,  No.  135.— Mikoh,  !%». 
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measurements  of  Professor  Edward  Hitchcock,  and  for  the  Sprinj 
field  region,  the  survey  of  the  Springfield  City  Engineer,  as  in 
former  paper.*  I  have  personally  made  levelings  'in  Holyok 
Willimansett,  and  South  Hadley.  It  was  my  purpose  to  ha\ 
made  further  observations  in  the  State,  but  finding  tnat  Professc 
B.  K.  Emerson,  of  Amherst  College,  was  engaged  in  a  thorong 
study  and  mapping  of  the  terraces,  1  gladly  left  the  subject  i 
his  hands. 

The  height  of  the  very  extensive  upper  terrace  of  westen 
Northfield,  the  town  adjoining  New  Ilampshire,  I  have  takei 
from  Mr.  Upham,  his  map  covering  this  Northern  Massachasetti 
town ;  he  gives  it  at  198  to  213  feet  above  low  water  in  the  river. 
Although  the  terrace  borders  most  obviously  the  Connecticut 
valley,  he  speaks  of  it  as  a  tributary's  terrace,  and  takes  for  the 
"highest  normal  terrace"  one  only  128  feet  high  above  the  river. 
The  true  upper  terrace  extends  to  Gill ;  and  a  corresponding  one 
on  the  eastern  side  of  the  Connecticut,  but  little  lower,  continnes 
with  small  inten-uptions  all  the  way  to  Miller's  Falls. 

For  the  height  of  low  water  level  in  the  Connecticut  Valley, 
between  liolyoke,  in  Massachusetts,  and  Haitford,  ConnccticiU, 
I  have  used  the  section  made  in  connection  with  the  very  eiact 
survey  of  General  Kllis,  making  part  of  the  Reportf  of  General 
Warren  for  the  year  1878.  The  height  for  the  river  above  Hot 
yoke  has  not  yet  been  accurately  determined.  In  the  section,  the 
height  at  the  top  of  Turner's  Falls  is  made  180  feet,  and  at  tht 
foot  of  the  rapids,  1 20  feet. 

In  the  Connecticut  part  of  the  section,  the  heights  are,  with  one 
exception,  from  my  own  levelings.  My  former  measurement! 
have  been  -repeated,  in  order  to  be  able  to  refer  the  heights  to 
mean-tide  level,  and  others  have  been  made. 

The  extensive  terrace  east  of  the  Connecticut,  which  com- 
mences 8  miles  north  of  Springfield  and  has  a  width  in  Massachvp 
setts  of  2  to  6  miles,  with  an  average  height  of  180  feet  abo?e 
mean  tide,  extends  as  many  miles  into  Connecticut,  and  east  o| 
Thomson ville  spreads  eastward  half  a  mile  beyond  Hazardvilli 
or  \\  miles,  with  a  height  of  about   160  feet.     It  is  in  general; 

filain  of  unfertile  sands,  but  fine-pebbly  on  some  higher  portioi 
t  seldom  rises  to  the  level  of  maximum  flood.     Just  soirth 
Thomsonville,  this  upper  plain  appears  about  the  isolated  Enfic 
ridge,  at  a  height  of  214  feet.     Two  miles  west  of  the  Conne 
ticut,  nearly  opposite  the  latter  place,  it  has  full  height,  215  fe 
about  the  isolated  ridge  of   Suffield  village.      The  material  ii 
coarse  gravel.     A  northern  portion  of  the  Suflield  ridge  is  10  fe 
hiffher  and  is  of  coarse  cobblestone  material,  and  mav  be  till. 
Northwest  of  Hartford,  the  upper  terrace  is  well  defined  hi 

♦  Southern  New  England  during  the  melting  of  the  Great  Olacier,  this  Joi 
III,  xandxi,  1875,  1870. 

f  Annual  Report  of  the  Chief  of  Engineers  for  1878,  Appendix  B  14. 
of  the  surveys  and  examinations  of  the  Connecticut   River  between  Uarifc 
Oonu.,  and    liolyoke.   Maj^s..  made  since   IhOT,   by   Brevet-Major  General  6. 
Warren,  Major  of  Engineers,  T.  S.  Army. 
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-  mile  from  the  gap  through  the  trap  for  the  Farmington  River, 
ind  has  a  height,  by  aneroid,  of  210  to  215  feet.  Ihe  plain  in 
lie  vicinity  of  the  Manchester  depot,  on  the  east  of  Hartford,  is 
ibout  200  feet  in  height. 

South  of  Hartford,  east  of  the  Connecticut,  in  Glastenbury,  a 
hroad  terrace  rises  abruptly  from  the  »river  and  spreads  two  to 
Ihree  miles  eastward,  with  a  height  of  170  to  190  feet.  Two  miles 
north  of  Middletown  it  is  reduced  to  a  broad  shelf  against  the 
»stem  hills,  a  nlile  or  more  from  the  river,  and  has  a  height  of 
!86  feet  above  mean  tide  east  of  Gildersleeve's  landing. 

At  Middletown,  where  the  river  turns  eastward  to  pass  the 
•Narrows,  the  waters  spread  2  to  4  miles  west  of  the  Connecticut. 
KX  Rock  Falls,  and  just  beyond,  the  terrace  deposits  have  a 
leight  of  193  to  199  feet  above  mean-tide ;  and  at  Pine  Grove 
3emetery  the  wide  plain  is,  according  to  an  aneroid  measurement 
ly  Professor  Wni.  North  Rice,  of  Middletown,  199  feet. 

The  facts  make  the  maximum  height  at  Middletown  probably 
between  193  and  199  feet. 

Nearly  two  miles  southwest  of  Middletown,  just  east  of  the 
Baddam  road,  stratified  sand  and  gravel  make  the  upper  part  of 
i  hill  which  is  235  feet  high  above  mean  tide.  If  a  part  of  the 
terrace-formation,  it  would  make  the  maximum  level  of  the  flood 
■od  of  the  Middletown  dam  40  feet  above  the  height  just  men- 
tioned. But  it  has  a  capping  3  to  4  feet  thick  of  coarse  unstrati- 
led  material  containing  some  scratched  stones,  and  is  probably  of 
earlier  origin.  The  hill  stands  between  higher,  rounded,  till-cov- 
cred  hills  on  the  west  and  east,  with  low,  marshy  land  adjoining, 
and  between  a  wide  region  of  lower  land  to  the  south  (the  John- 
son Lane  district),  and  the  valley  of  the  Connecticut  to  the  north 
ttd  northeast ;  and  if  waters  were  above  200  feet  over  the  region, 
rftey  would  there  flow  across  to  the  Connecticut.  The  conditions 
^if  origin  are  not  easily  explained. 

The  height  of  the  line  of  flood-level  in  the  section  on  Plate  2 

m  several  cases  below  that  which  the   highest  terrace-plain 

ns  to  authorize.     Thus,  at  Haverhill,  the  upper  terrace-plain 

for  its  highest  part  to  the  eastward  673  feet,  10  feet  above  the 

ight  in  the  section  ;  at  Brattleboro,  where  410  feet  is  taken  for 
height  of  flood-level,  a  terrace  occurs  according  to  Upham's 

p,  of  425  feet ;  at  Dummerston,  5  or  6  miles  north,  there  is  one 
ritber  side  of  the  stream  of  420  to  440  feet ;  in  Northfield  the  ter- 
■oe  rises  toward  the  hills  1 5  feet  above  the  level  taken  for  the 
pper  level ;  and  so  in  several  other  cases.  It  is  quite  common 
>r  a  terrace-plain  to  rise  in  level  above  the  average  height  as  it 
&ars  the  hills :  and  as  this  may  come  in  part  from  material  car- 
ed down  the  slopes  at  the  time  of  the  flood  and  washed  over  the 
Efface  raising  it  above  true  flood-level,  I  have  not  generally 
klen  the  extreme  height  thus  aftbrded.  Moreover  the  terraces 
r  tributaries  often  rise  rather  rapidly  where  within  a  confined 
illey,  owing  to  the  great  amount  of  transported  material.  I 
ive  sought  to  be  rather  under  the  true  height  than   above  it  in 
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all  judgments.  It  is  quite  possible,  however,  that  a  more  exa 
study  of  the  terraces  will  place  the  flood-level  higher  than  I  hai 
done  ;  certainly  higher,  I  think,  rather  than  lower. 


The  section  gives  an  impressive  idea  of  the  greatness  of  tl 
ancient  flood.  The  river  had,  as  it  shows,  two  great  falls ; 
its  couree,  one,  the  Fifteen-mile  Falls  to  the  north,  belo 
Lancaster,  the  other  a  twenty-five  mile  fall  on  the  way  I 
the  Sound  from  Middletown,  Connecticut  It  took  its  fa 
magnitude  west  of  the  White  Mountain  region,  after  its  jon« 
tion  with  the  Passumpsic,  one  of  its  two  chief  sources,  and  afu 
accessions  from  its  other  head  waters,  Stevens'  Brook  an 
Wells  River  on  the  west,  and  the  Ammonoosuc  River  an 
Oliverian  Brook  on  the  east.  At  North  Haverhill  the  heigb 
of  the  water  above  modern  low-water  level  was  at  least  25 
feet,  and  its  width  exceeded  two  miles ;  and  it  was  nearly  o 
quite  200  feet  above  the  same  level  at  Middletown  in  Conned 
icut,  172  miles  south  of  Haverhill  and  26  miles  in  a  direc 
line  along  the  valley,  from  the  Sound.  The  diminution  ii 
depth  southward  was  evidently  a  consequence  of  the  increasinj 
width,  especially  after  entering  Massachusetts. 

The  Fifteen-mile  falls  were  long  rapids  over  a  nearly  contin 
uous  slope  of  coarse  till,  showing  abundant  bowlders  but  witl 
scarcely  any  exposures  of  solid  ledges.*  The  falls  beloi 
Middletown  began  in  a  plunge  over  a  dam  190  feet  high  abov 
modern  low  water,  that  was  formed  at  the  Narrows— a  cut,  bu 
650  feet  wide  in  its  lower  part,  through  a  high  rocky  ridg 
of  crystalline  schists  and  enormous  granite  veins.  Below  th 
dam  the  descent  in  the  waters  is  registered  in  the  terraces  o 
the  valley  (see  section  on  Plate  2);  and  it  is  shown  thereby  t 
have  been  gradual  and  not  a  vertical  plunge.  The  dam  wa 
probably  an  ice-dam  as  explained  in  a  former  paper.f  Abovi 
the  dam  the  waters  spread  westward  over  the  Middletowi 
region  to  a  distance  from  two  to  four  miles,  covering  the  ton 
of  some  prominent  hills.  Yet  those  of  the  hills  that  are  withia 
one  to  two  miles  of  the  river  are  mostly  free  from  stratiBed 
drift  and  terraces,  and  have  instead  rounded  surfaces  and  a 
deep  covering  of  till ;  and  it  may  be  that  this  scoured  coudt 
tion  was  produced  by  the  violent  rush  of  the  waters  at  the  fioal 
destruction  of  the  ice-dam. 

To  enable  the  reader  to  compare  the  ancient  with  the  moA 
ern  floods  of  the  Connecticut,  a  section  of  the  latter  fronfi  HoK 
yoke  to  Long  Island  Sound  is  given  on  the  general  section.  Foi 
the  part  from  Holyoke  to  Hartford  it  is  taken  from  the  seo 
tion  published  in  General  Warren's  Report  as  the  result  of 
series   of   careful    nietusurements   by  General  Elli&      For 

♦  Report  of  Mr.  Upham,  p.  24.  f  Thin  Journal,  III,  xi,  178,  1876. 
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ticbt  at  Middletown  I  have  taken  the  height  of  the  highest 
oaern  floods  at  that  place,  25f  feet.  These  high  floods  of 
odern  times  are  largely  dependent  for  their  height  on  obstruc- 
on  by  ice  at  the  Narrows,  like  those  of  more  ancient  time. 
The  comparison  which  may  thus  be  made  can  give  but  a 
jeble  idea  of  the  actual  contrast.  The  modern  stream  in  its 
reatest  floods  retains  still  its  tortuous  course  and  abrupt 
tends,  and  the  great  width  it  takes  in  some  parts  is  made  by 
he  spreading  of  only  a  thin  layer  of  water  over  wide  flood- 
prounds.  But  in  the  time  of  the  great  flood,  the  river  for  the 
aost  part  rose  above  such  obstacles,  took  the  wide  valley  for  its 
ihannel,  and  had  an  almost  unimpeded  course  on  its  way  to 
he  ocean.  In  figure  4  on  Plate  2,  an  enlarged  map  of  the  river- 
ralley  from  Wells  River  to  a  point  below  Bellows  Falls  is  given 
[from  a  map  of  the  Atlas  accompanying  the  New  Hampshire 
Report).  It  shows  by  the  dotted  line  either  side,  the  east  and 
west  limits  of  the  terraces,  and  thus  indicates  something  of  the 
extent  to  which  modern  bends  were  absent 

On  the  other  hand  the  height  of  the  flood  as  exhibited  in 
the  section  is  greatly  exaggerated  compared  with  the  length — 
though  hardly  so  if  measured  by  the  impression  which  the  high 
terraces  make  on  the  mind  of  an  observer.  To  aid  the  reader  in 
eliminating  this  exaggeration,  a  section  of  a  small  portion  of  it 
with  the  natural  pitch  is  given  on  the  plate  in  fig.  8,  below  the 
general  section  of  the  river.  IMiis  section  represents  the  "  Fif- 
teen-mile Falls,"  along  the  twenty  miles  between  the  mouth  of 
the  Passumpsic  and  vSt  Johns  River.  According  to  Mr.  Up- 
bam  s  Report,  the  whole  fall  in  the  20  miles  is  370  feet ;  the 
upper  fall,  156  feet ;  the  lower,  188  feet ;  and  the  descent  be- 
tween the  two  falls,  31  feet. 

Some  additional  exaggeration  is  made  apparent  in  the  course 
of  the  following  discussions. 

From  the  facts  presented  in  the  section  and  others  connected 
rith  the  Connecticut  valley  and  its  terraces,  we  may  obtain  ap- 
proximate results  with  regard  to  the  mean  depth  of  the  flooded 
iver,  its  mean  width,  the  mean  slope  or  pitch  of  the  stream,  and 
ts  mean  velocity, 

2.  Mean  depi^h. — In  seeking  to  ascertain  the  mean  depth 
►f  the  flooded  river  at  any  place,  we  cannot  rightly  measure 
lown  to  modern  low-water  level.  For  over  the  bottom  of  the 
''alley,  there  is  very  commonly  a  wide  terrace  60  to  80  feet 
tbove  low-water ;  and,  when  the  flood  was  far  advanced,  this 
crrace-plain  may  have  extended  across  the  narrow  channel  of 
ihe  modern  river  and  obliterated  it.  On  account  of  the  wide 
53[lent  of  this  lower  terrace,  it  appears  to  be  necessary  to  deduct 
60  to  80  feet  from  the  whole  height  of  the  flood  in  most  parts 
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of  the  valley;    and  for  the  sake  of  an  estimate  and  not  an 
over-estimate,  75  feet  may  be  the  amount  deducted. 

According  to  the  section,  the  height  above  modern  low-watcf 
level  at  Haverhill  was  about  260  feet;  and  this,  diminished  bj 
75,  gives  for  the  depth  185  feet.  So  we  obtain  for  Hanover 
and  White  River  Junction,  if  the  height  of  the  intervening  falls 
be  divided  between  them,  225-75=150  feet ;  for  Windsor 
216-75=141  feet;  for  Brattleboro,  210-75=135  feet;  forSouth 
Vernon,  near  the  border  of  Massachusetts,  207-75=132  feet 

We  may  thence  take  for  the  average  depth  north  of  the  Mas- 
sachusetts line,  140  feet.  The  depth  on  the  southern  boundary 
of  Massachusetts  obtained  by  the  same  method  would  be  126 
feet,  and  at  Hartford  in  Connecticut,  125  feet  But  the  widA 
is  so  much  greater  after  entering  Massachusetts,  that  it  is  quite 
certain,  as  already  slated,  that  the  less  depth  is  more  than  bal- 
anced by  the  greater  width. 

3.  Mean  width. — In  order  to  obtain  an  approximation  as  to 
the  mean  width  of  the  flooded  stream  between  Wells  River  and 
the  Massachusetts  line,  we  may  review,  for  a  few  localities,  not 
only  the  width  (which  I  take  from  Mr.  Upham  s  map),  bat 
also  the  areas  of  cross-sections. 

At  Haverhill,  the  higliest  normal  terraee  of  the  east  side  rises 
nearly  to  its  full  height,  263  feet  above  low  water  level,  directly 
from  tlie  lower  terrace-plain  of  83  feet  The  width  of  the  chan- 
nel-way on  the  map,  above  the  83-foot  terrace,  is  4,000  feet 
Taking  for  tlie  depth  of  water  263-83=180  feet,  the  area  of  the 
cross  section,  with  this  width,  would  be  720,000  square  feet 

Between    northern    Orford   and   Fairlee,    8    miles   south  ofj 
Haverhill,  the  higher  terraces  are  wanting.     Taking  for  the^ 
width  only  that  covered  by  the  valley  deposits,  that  is,  the  lowj 
terraces — it  is  about  3,300  feet — which  is  too  low,  because  therjj 
is  no  high  terrace  to  mark  the  actual  width,  and  the  low  te^] 
races  referred  to  are  only  55  feet  above  low  water.     The  heigl 
of  the  flood  as  given  in  the  section,  Plate  2,  is  252  feet;  thenc^j 
with  the  depth  (252-55=)  197  feet,  and  with  3,300  feet  as  ll 
width,  the  area  of  cross-section  is  650,000  square  feet 

Where  the  valley   passes  Norwich  and   Hanover,  the  m( 
prominent  terrace  has  a  height  of  about  150  feet  above  lowj 
water  in  the  river,  while  the  upper  one,  marking  flood  limit, ii 
210  feet     The  channel- way  has  hence  a  narrow  lower,  and  a  wic 
upper  section.     For  the  width  of  the  former,   1  have  measi 
ments  obtained  for  me  by  Prof.  E.  Fletcher,  of  the  School 
Civil  Engineering  at  Dartmouth  College.     The  measurement 
were  taken  between  points  half-way  up  the  steep  terrace-front 

(>00  feet  l)elow  the  bridge  crossing  the  river,  width  1,980  feet. 
400  feet  above  "  "  "  l,:i50    " 

800        "  '*  "  •'  1.2'70    " 

2,500        "  "  "  "  1,000    " 
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nean  of  the  above  numbers  is  1,400  feet.  At  the  last  of 
ilities,  the  river  has  on  its  west  side  high  rocks  and 
•e  no  terraces,  and  the  bottom  terrace  is  only  30  feet 
low  water  level.      This  number  should,   therefore,  be 

out,  the  small  width  having  probably  been  compen- 
or  by  increased  velocity.  In  this  case  the  estimated 
ridth  would  be  over  1,500  feet 

;he  width  of  the  upper  section  of  the  fteoded  stream,  or 
ove  the  level  of  the  150-foot  terrace,  we  have  the  inter- 
ween  the  highest  terraces  of  the  two  sides  of  the  valley 
ine  of  the  villages  of  Hanover  and  Norwich,  8,000  feet; 
a  transverse  line  2,500  feet  below  the  bridge  (see  above), 
eet  The  mean  between  the  two  is  6,000  feet  To 
the  area  of  a  cross  section  we  have  then  1,500  feet  for 
in  width  of  the  lower  section  of  the  flooded  stream,  and 
or  the  upper.  For  the  depth  of  the  lower  section,  we 
from  150,  47  feet,  this  being  the  height  above  low  water 
higher  of  the  bottom  terraces,  and  obtain  103  feet;  and 
t  of  the  upper,  210—150=60  feet  The  area  of  the 
cross-section,  afforded  by  these  numbers,  is  514,500 
feet  The  falls  of  40  feet  in  the  river,  two  miles  below 
3r,  suggest  a  good  reason  for  the  little  height  of  the 
erraces. 

/e  Brattleboro,  the  mean  width,  as  nearly  as  we  can  obtain 
Mr.  Upham's  map,  is  5,000  feet.  The  depth,  deducting 
for  the  lower  terrace,  is  135  feet ;  and  this  gives  for  area 

section,  675,000  square  feet.  At  the  narrowest  part  3 
orth  of  Brattleboro,  the  width  of  the  channel- wav  is 
eet ;  but  this  is  so  only  for  a  short  distance,  and  the 
erraces  here  have  a  height  of  but  35  to  50  feet.  With 
1th  and  deducting  only  the  mean  between  35  and  50,  or 
,  for  the  lower  terrace,  the  area  of  section  is  about 
)  square  feet 

I  these  results,  although  not  based  on  accurate  raeasure- 
we  may  conclude  that  the  area  of  cross-section  for  the 
ticut,  between  Wells  lliver  and  the  Massachusetts  line, 
id  at  least  560,000  square  feet,  and  hence  that  the  mean 
if  140  feet  be  taken  as  the  mean  depth,  was  2)robably 
1  than  4,000  feet 

EAN  Slope. — We  mny  first  deduce  the  slope  or  pitch  on 
imption  that  the  land  and  ocean  had  their  present  rela- 
to  level ;  and  then,  secondly^  consider  the  evidence  as  to 
elations  having  been  different  from  now,  and  finally 
)ther   calculations   in    accordance  with    the  conclusion 
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A.  Mean  slope  of  the  river  in  case  the  land  and  ocean  had  th 
present  relations  as  to  level, — Supposing  the  land  and  ocean 
the  era  of  the  flood — the  early  part  of  the  Champlain  period 
to  have. had  their  present  relative  level,  the  slope  of  the  strea 
may  be  taken  directly  from  the  section  on  Plate  2,  the  figui 
along  the  upper  line  giving  the  height  at  different  localiti 
along  the  valley,  and  those  by  the  lower  lines  the  distances 
measured  along  the  valley  (taking  no  note  of  the  turns  in  tl 
river)  between  localities,  on  a  scale  of  a  twelfth  of  an  inch  tol 
miles.     We  thus  find  for  the  slope : 

Dltttanceft  blopt- 

In  inllcK.         p^r  mfk 

Havorbill  (655  ft.  flood-level)  to  Windsor  (520) 41  ^     3  3  f« 

Windsor  (520)  to  South  Vernon,  Vt.  (HOG) 49  "    2'6 

South  Vernon  (39G)  to  Springfield,  Mass.  (240), 44            3o 

Sprin^tield  (240)  to  the  Middletowu  Narrows  ( 1 95) H8            12 

XaiTOWS  ( 195)  to  Long  Island  Sound, 20            74 

Haverhin  (G56)  to  the  Middletown  Narrows  (195), 172            2-7 

South  Vernon  (39())  to  the  Middletown  Narrows  (195),  ...  82            2-5 

Haverhill  to  tlie  Sound, 198            .VI 

South  Vernon  to  the  Sound 108            3fi 

From  the  above  it  appears  that,  except  for  the  dam  at  thi 
Middletown  Narrows,  the  mean  slope  from  Haverhill  to  ih« 
Sound  would  have  been  3*3  feet  per  mile,  or  the  same  asfron 
Haverhill  to  Windsor.  But,  owing  to  the  dam,  the  mean  slop* 
to  Middletown  is  but  2*7  feet,  while  below  the  Narrows  it  is  7*^ 
feet  per  mile. 

B.  Mtan  velocity. — To  obtain  the  velocity,  we  have  th 
data  above  deduced  for  the  mean  width,  depth  and  slope  c 
the  flooded  river. 

Another  element  rei^uired  is  the  amount  of  resistance  froi 
bends  and  obstructions  in  the  stream.  It  is  fortunate  for  th 
calculations  that  the  Connecticut  valley  follows  a  remarkabl 
straight  north-and-south  course.  With  the  water  raised  2C 
feet  and  more  above  modern  low  water  and  a  width  therefc 
averaging  nearly  a  mile  along  the  course  north  of  Massacln 
setts  and  more  than  this  south,  the  bends  are  only  those  of  vei 
large  curvature,  which  would  not  affect  greatly  the  velocity  • 
a  rapid  stream.  On  the  map  of  the  river  and  valley  betwec 
Wells  River  and  Bellows  Falls,  figure  4,  Plate  2,  the  band  covers 
by  the  deposits,  indicated  by  the  dotted  outline,  shows  that  tl 
waters  made  nearly  a  straight  strmm.  The  map  is  somewhi 
short  of  the  truth,  since  the  upper  terraces  are  absent  in  pari 
of  the  valley  and  particularly  so  for  the  narrower  part  aloD| 
from  Ely  to  Piermont.  Only  a  map  iliat  gave  on  each  sideo 
the  valley  the  contour-line  corresponding  to  the  height  of  maxi 
mum  flood,  and  also  the  limits  of  the  channel-way  as  marked 
by  the  inner  limits  of  the  highest  terraces,  would  show  follj 
the  degree  of  straightness. 
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Below  Windsor  there  is  a  prominent  obstruction  in  Mount 
arber,   an  elevation   in  the  direct  course  of  the  stream  and  a 
lile  wide ;  bat  there  was  abundant  room  for  the  river  on  either 
ide  of  it     Another  obstructing  mass  of  ledges   probably  ex- 
3ted   just  south  of  Turner's  Falls  southwest  of  the  mouth  of 
ililler's  River,  in  Massachusetts,  ten  miles  south  of  South  Ver- 
lon,  where  the  Connecticut   river  makes  a  westward  bend  of 
>ix    miles    to   Greenfield.      This  probably   existing  "  mass   of 
ledges/'  is  now  beneath  the  terrace  formation,  the  top  of  which 
is  the  elevated  plain  between  Montague  City  and  Miller's  river ; 
and  its  existence  at  no  great  depth  beneath  the  plain  is  infer- 
red from  the  terrace  deposits — on  the  ground  that  these  are  an 
indication  of  slackened  flow  in   the  waters.     The  flooded  river 
passed  both  along  the  east  and  west  sides  of  these  obstructing 
le<lges,  as  well  as  over  them  at  highest  water.     After  passing 
this  place,  the  river  at  highest  flood  had  an  open  and  almost 
straight  way  to  Middletown,  which  was  nowhere  less  than  4,000 
feet  in  width,  though  narrowed  at  Mt.  Holyoke,  Enfield  Falls 
and  Glastenbury. 

Whenever  a  careful  topographic  survey  of  the  Connecticut 
valley  shall  have  been  made,  which  shall  lay  down  throughout 
it  contour-lines  corresponding  to  the  maximum  flood-level,  it 
may  be  possible  to  arrive  very  nearly  at  the  amount  of  resistance 
proiduced  by  the  flexures.  At  present  it  is  not  possible  to  reach 
any  accurate  estimate  :  and  the  best  that  we  can  do  is  to  use  a 
diminished  width  for  the  basis  of  the  calculations  and  make 
a  further  allowance  by  estimate.  The  results  with  regard  to 
the  velocity  are  hence  obtained  below  for  the  river  with  a 
breadth  of  2,500  feet,  as  well  as  with  that  of  4,000  feet. 

The  formula  for  the  calculation  of  the  velocity  here  em- 
ployed is  that  given  by  Humphreys  &;  Abbot  for  large  rivers 
in  their  admirable  Report  on  the  Mississippi  River,  numbered 
41,  on  page  312.  It  is  applicable  strictly  to  a  limited  portion 
of  a  large  river  without  bends.     It  is  as  follows  : 

<;=:([225r5ili- 0-0888)'^ 

in  which  v  is  the  velocity  vsought :  5,  the  sine  of  the  slope :  and  r, 
the  mean  radius  =  area  of  cross-section,  a,  divided  by  /?-f  W, 
or  the  length  of  the  wetted  perimeter  {p)  plus  the  width  at 

surface.     In  the  general  formula,  the  sine  of  the  slope  =  s  =  — . 

V 

/=  length  of  limited  portion  of  the  river,  h  =  h,+li^^=  differ- 
ence of  level  of  the  water-surface  at  the  two  extremities  of  the 
disiiince  /,  in  which  /*,  =  the  part  of  //  consumed  in  overcoming 
the  resistances  of  the  channel  supposed  to  be  straight  and  of 
nearly  uniform  cross-section>  and  h^^  =  the  part  oi  h  consumed 
in  overcoming  the  resistances  of  bends  and  important  irregular- 
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ities  of  cross-section.     In  the  equation  for  large   rivers,   above 
quoted,  h^^  is  thrown  out  by  the  conditions. 

The  following  are  the  results  for  the  portions  of  the  river  in- 
dicated in  the  column  to  the  left  The  slope  is  given  in  feet 
per  mile.  The  velocity  is  stated  in  miles  per  hour  and  in  feel 
per  second,  and  both  for  a  width  of  4,000  and  2,500  feet. 

Velocity,  width  4000  feet.        Width  2500  feet. 

In  m.  per     In  ft.  per      Id  m.  per   In  ft.  per 
Slope.         hour.         second.  hoar.        second. 

Haverhill  to  Windsor 3*3  1307  1916  1293  18*97 

Windsor  to  South  Vernon 2-5  1218  17*87  12*06  17-69 

South  Vornou  to  Springfield 3-5  13*26  19*45  1313  19-25 

Springfield  to  Middleiown  dam...   1*25  10*23  1500  1012  1485 

Haverhill  to  Middlotown  dam 2*7  12*42  18*22  1230  1803 

South  Vernon  to  Middletown   dam  2-5  1218  17*87  1206  17*69 

Middletown  dam  to  the  Sound 7*4  1602  23*49  15*85  23-25 

From  the  above,  the  mean  velocity  for  the  whole  river  from 
Haverhill  to  Middletown,  would  have  been,  assuming  that  the 
relations  of  the  land  to  the  sea-level  were  the  same  as  now, 
over  12  miles  an  hour,  even  supposing  the  mean  width  to  have 
been  but  2,500  feet 

This  great  velocity,  or  even  one  of  10  miles  an  hour,  is  not 
compatible  with  the  character  of  the  deposits  which  lie  at  dif- 
ferent levels  beneath  the  surface  of  the  stream — both  those  at 
140  feet  below  the  surface  and  those  at  higher  levels.  The 
former,  away  from  the  region  of  the  mouths  of  tributaries,  con- 
sist almost  uniformly  of  nearly  incoherent  but  stratified  sand,  or 
sandy  loam,  and  in  some  parts  of  clay  ;  and  similar  fine  mate- 
rials in  general  constitute  the  terrace-deposits  of  the  higher 
terraces  (including  the  terrace-fronts)  up  to  a  level  within  60 
feet  of  the  highest  flood  level  and  often  nearly  to  the  upper-  , 
most  plana* 

According  to  trials,  a  current  of  one-third  of  a  mile  per  hour 
will  take  up  and  transport  fine  earth  or  clay  having  the  parti- 
cles "016  inch  in  diameter;  and  one  of  two-t/iirds,  fine  sand, 
the  mean  diameter  about  "064  inch.  Accordingly,  since  the 
mean  diameter  of  the  largest  transportable  particles  varies  as 

*  i>arcy  and  Bazin.  in  their  Et-rhfirhis  Hyhnnluint^.s.  '/\\\-  the  tollowiug  as  the 
l>ott'>in  velocity  (in  feet  \tQT  s^H'ond)  at  whicii  scour  cfunmencrs  for  tht'  diffeitnl 
materials  mentioned,  and  the  cnrrcspondinjr  caKnilatod  mean  velfKMty. 

Bvttoin  v»'lo<rlty.  Mean  velocity. 
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—Cited  from  the  Encyi.  Brit,,  vol.  xii  (1881).  Art.  nydroniechanics. 
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uare  of  the  velocity  (supposing  them  of  like  density)  a 
of  2  miles  an  hour  at  bottom  would  carry  along  stones  of 
0*6  inch  in  diameter;  and  one  of  4  miles,  stones  2i 
in  diameter.  The  mean  velocity  is  generally  about  a 
to  a  sixth  greater  than  the  bottom  rate,  the  ditterences 
ishing  as  the  velocity  increases.  If  the  mean  velocity 
10  miles  an  hour,  tliat  of  the  bottom  would  be  over  8 
(unless  greatly  impeded  by  transported  material) — rapid 
h  to  scour  down  to  stones  and  solid  rock, 
s  argument  is  not  based  on  the  depositions  made  by  the 
;  for  these  were  more  or  less  made  over  the  flood- 
Is  of  tlie  river  as  the  waters  rose;  and  the  waters  over 
rrounds,  even  in  the  case  of  rapid  streams,  are  variously 
ed  by  the  amount  of  transported  material,  friction  in  the 
sv  watere,  and  obstructions,  often  dam-like,  due  to  the 
[1  surface  beneath  ;  but  on  the  transporting  force  of  the 
at  the  time  of  maximum  flood,  when  all  the  terrace- 
except  the  very  highest  were  swept  by  the  flowing 
.  It  may  be  questioned  whether  the  lower  terrace  of  60 
feet  above  present  low  water,  which  is  almost  everywhere 
he  mouth  of  no  tributary  is  near — made  of  sand  or 
^here  not  of  clay,  was  actually  the  bottom  of  the  flooded 
I :  whether,  the  waters  did  not  excavate  down  to  stones 
>ck,  so  that  this  terrace  is  of  subsequent  formation.  But 
apposition  does  not  rid  the  subject  of  the  fact  that  the 
A  stream  did  not  take  up  and  carry  off  the  sands  of  its 
n.  For  the  range  of  higher  terraces  usually  140  to  160 
bove  low  water  in  the  river,  were  at  the  time  under  50 
depth  of  water ;  and  these,  away  from  tributaries,  usually 
t  at  top  and  below  of  fine  sand  or  loam,  or  of  fine  gravel, 
reat  terrace- plain  north  of  White  River  Junction  was  one 
3  kind  with  50  feet  of  water  above  it ;  and  it  consists  at 
e  mostly  of  fine  sand  or  sandy  loam,  with  some  portions 
?  gravel ;  and,  below  the  surface,  except  near  the  river, 
J  of  sand  with  some  clay.  The  materials  of  the  corre- 
ing  terrace  near  Windsor  are  still  finer.  The  high  ter- 
lain  east  of  Greenfield  and  south  of  Turner's  Falls,  be- 
Montague  City  and  Miller's  Falls,  called  the  Montague 
>lain,  lies  directly  in  the  way  of  the  Connecticut,  as  stated 
^e  191  ;  and  although  flowed  over  at  the  highest  flood  by 
10  to  30  feet  in  depth,  it  consists  chiefly  of  fine  sand,  or 
'  sand,  with  some  clay,  except  on  its  eastern  and  north- 
n  side,  where  it  received  contributions  from  the  violently 
itial  Millers  River. 

us  all  parts  of  the  valley  bear  like  testimony  to  a  velocity 
!  waters  at  maximum  flood  which  wjis  not  great  enough  to 
off  fine  gravel,  and  this  means  a  velocity  not  exceeding 
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two   miles   an    hour   at   bottom ;  which  is  the  condition  in  a 
stream  having  a  mean  velocity  of  3  to  4  miles. 

The  transported  materials  in  the  waters  would  have  had 
a  retarding  effect ;  but  small,  since  as  already  shown,  they 
were  onlv  sand  and  finer  material,  and  the  fine  straticulation 
indicates  a  free-flowing  stream  (p.  93).  The  deduced  meaij 
velocity,  over  12  miles  an  hour,  could  hardly  have  been 
reduced  by  all  the  causes  of  retardation  together  to  less  than  9 
or  10  miles  an  hour. 

We  are  thus  led  to  enquire  what  range  of  evidence  there 
may  be  as  to  the  existence  of  a  less  pitch  in  the  valley,  to  cause 
the  less  velocity,  or  as  to  any  other  method  by  which  a  dimin- 
ished velocity  might  have  been  produced. 

One  method  is  by  means  of  dams;  a  second,  by  changed  rek- 
tions  between  the  level  of  the  land  and  sea, 

B.  Danis  on  the  Connecticut  Valley  as  a  possible  source  of  less 
slope  in  the  waters. — That  it  may  be  understood  what  is  to  be 
explained  by  means  of  dams,  or  in  other  ways,  we  here  re- 
view the  facts  with  regard  to  the  clay-deposits  and  associated 
sand-deposits  of  the  valley. 

It  is  to  be  remembered  that  the  sand-beds  and  those  of  finer 
material  ordinarily  make  not  only  the  lower  terraces  but  also 
the  highest,  where  tributaries  are  absent,  to  within  50  and 
often  20  or  30  feet  of  their  tops :  and  that  this  is  so  even  high 
up  the  Connecticut,  as  at  Barnet,  not  two  miles  south  of  the 
junction  with  the  Passumpsic,  where  these  finer  deposits  ex- 
tended to  a  level  of  loO  to  200  feet  above  low  water  in  the 
river. 

(7/a?/-deposits  are  widely  distributed  about  Hartford  to  a 
height  of  75  feet  and  less  above  tide  level,  or  low  water  in  the 
river.  At  Springfield,  58  miles  in  a  direct  line  from  the  Sound, 
they  are  of  gre^it  extent  at  a  height  of  170  feet  above  the  sea 
level ;  at  Ilolyoke,  8  miles  north,  on  the  west  of  the  Connecti- 
cut, and  at  Willimansett,  nearly  opposite,  on  the  east  side,  at 
175  feet:  on  the  eastern  slope  of  Mt.  Tom,  south  of 
Northampton,  according  to  Professor  E.  Hitchcock,  at  178  : 
feet;  and  over  the  Amherst  region,  as  I  learn  from  Professor 
Emmons,  of  Amherst,  al  nearlv  the  same  level.  The  dam 
below  Middletown  suggests  a  possible  explanation  of  the  origin 
of  quiet  water  for  the  making  of  the  clay  beds  about  Hartford: 
for  if  the  dam  were  but  little  more  than  a  third  of  its  final 
height  it  would  be  sutBcieut;  and  if  raised  to  within  10  feetoi 
it«  full  height,  it  might  have  produced  the  <iuiet  movement  in 
the  waters  required  for  all  the  clay-beds  up  to  and  including 
those  of  the  Amherst  region.  That  the  height  of  the  dam  was 
actually  so  near  its  extreme  height,  when  the  terrace  deposits 
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ringfield  were  50  feet  and  more  below  their  maximum 
,,  is  far  from  certain.  The  Springfield,  Willimausett  and 
rst  deposits  are  situated  close  by  the  present  river  chan- 
id  hence  seem  to  be  safe  evidence  as  to  the  very  small 
ty  of  the  river,  which  they  might  not  be  if  they  were 
distant  flood-ground  deposits. 

y^-beds  exist  just  below  the  Middletown  dam,  on  the  east- 
Portland  side,  to  a  height  of  75  feet  above  modern  low 
in  a  very  steep  and  short  valley.  The  place  would  seem 
very  unfavorable  for  such  fine  depositions  if  the  dam 
;hen  formed,  and  especially  if  at  its  final  height  But  it 
sible  that  the  ice  had  made  a  barrier  to  the  little  stream, 
it  the  evidence  from  these  clay-beds  is  not  conclusive 
jt  the  existence  of  the  dam  during  their  formation. 
;,  further,  extensive  clay-beds  exist  in  the  high  and  broad 
e  of  Montague  City,  east  of  Greenfield,  300  feet  above 
evel.  Again,  on  the  terrace-plain,  between  Windsor  and 
and,  500  feet  above  the  sea-level,  or  190  feet  above  the 
clay  comes  to  the  surface  in  a  field  so  as  to  be  turned  up 
observed)  by  a  plough,  the  material  along  the  plain  else- 
!  being  fine  sandy  loam.  South  of  this,  in  Windsor,  the 
its  are  fine  loam  and  sandy  loam  to  a  height  of  500  feet, 
3lay  nearly  to  this  height.  North  of  White  Eiver  June- 
lay  was  exposed  near  the  river  at  a  height  of  460  feet 
mean  tide,  or  nearly  130  feet  above  the  river  at  low 
In  Hanover,  N.  H.,  the  clay-beds  extend  along  for  3 
niles  or  more ;  and  in  the  village  they  reach  a  height  of 
eet  above  mean  tide,  or  150  feet  above  the  river — clay 
g  been  taken  out  at  tliis  level  in  excavating  for  the  cellar 
:)fessor  Hubbard's  house  (as  he  informs  me),  opposite  the 
{vest  corner  of  the  College  Square;  and  on  the  opposite 
f  the  Connecticut,  in  Norwich,  there  are  clay  beds  at  cor- 
iding  heights  up  to  500  feet.  Just  north  of  the  village  of 
t  a  clay-bed  comes  to  the  surface  in  the  terrace-plain 
he  river  at  a  height  of  610  feet  above  mean  tide  and  168 
the  river.  These  few  examples  will  no  doubt  be  multi- 
greatly  by  careful  exploration. 

•  making  the  clay-beds  north  of  Amherst,  the  Middletown 
vould  have  been  of  no  avail ;  and  besides  this  dam  there 
satisfactory  evidence  of  any  other.  This  is  shown  by  the 
irity  in  the  pitch  of  the  terraces  along  the  valley.  The 
'  is  comparatively  narrow  between  Mt  Holyoke  and 
.'om ;  but  the  heights  of  the  terraces  give  no  evidence 
iani,  and  the  clay-deposits  are  at  nearly  the  same  high 
above  and  below.  Another  narrow  way  for  the  modern 
is  between  Mt  Toby  and  Sugar-Loaf,  a  dozen  miles 
of  Mt.  Holyoke ;  but  here  the  waters  of  the  flooded  river 
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had  a  passage  east  of  Mt.  Toby,  and  a  very  wide  one  west  of 
Sugar-Loaf.  There  are  like  objections  to  the  location  of  dams 
at  other  places.  Mr.  Upham  says,  on  this  point,  especially  with 
reference  to  the  part  of  the  valley  north  of  Massachusetts,  that 
the  idea  of  dams  along  the  valley  is  not  sustained  by  the  topog- 
raphy of  the  valley  or  the  distribution  of  its  terraces. 

As  dams  have,  therefore,  not  existed  where  they  would  have 
been  needed  to  reduce  the  slope  of  the  stream  and  make  a 
velocity  that  would  admit  of  extensive  depositions  of  sand 
through  all  the  valley  and  of  clay-beds  in  many  parts  to  vari- 
ous heights  up  to  610  feet  above  the  sea-level,  we  may  consider 
what  effect  may  have  come  from  changed  conditions  in  the 
level  of  the  land  and  sea. 

C.  Slope  and  velocity  undei'  changed  relations  in  the  level  of  the 
land  and  sea. 

a.  Evidence  of  a  change  afforded  by  the  heights  of  Elevated  Sea- 
beaches. — The  fact  of  a  wide  difference  between  the  flood  era 
and  modern  time  along  the  coast  region  is  put  beyond  question 
by  the  heights  above  existing  tide-level  of  shell-bearing  beach- 
deposits. 

The  facts  are  well  known.  The  more  important  are  here 
tabulated  :* 

Latitade.  Heif^t. 

New  Haven  or  New  London,  on  the  Sound 41°  1 4'        15  to  25 

Sankaty  Head,  Nantucket, 41"  17'  45 

Point  Shirley,  near  Boston, 42'  19'       75tol00 

Lewiston,  Maine, 44"    6'  200 

Mt.  Desert,  Maine, 44"  20'  217 

Colchester,  Vt,  (4  ra.  N.  of  Burlington,  on  L.  Champlain),  . .   .  44"  3Ii'  335 

Middleburv,  Vt, 44'  10'  403 

Montreal,! 46^31'  520 

Lea  ^boulements,  on  St.  l/awrence  River, 47'  HO'  >  about  600 

Murray  Bay,  on  St.  rjawronco  River 47"  45'  ) 

The  facts  prove  (1)  a  difterence  of  level  compared  with  tide- 
level  between  the  era  of  the  beach -deposits  and  the  present; 
and  (2)  an  increasing  anjiount  of  diflference  northward.  They 
are  all  from  the  coast  it  is  true,  but  from  the  coast  of  the 
northwest  side  of  New  England  as  well  as  from  its  eastern, 
southeastern  and  southern  borders;  and  in  view  of  their  wide 
geographical  range,  and  especially  the  fact,  already  made  mani- 
fest, that  the  valley  of  the  Connecticut  must  have  had  dimin- 
ished pitch  during  the  era  of  the  flooded  river,  we  may  believe 
that  the  interior  of  New  England  experienced  the  changed  re- 

♦  The  heights  at  fiboulemoiits  and  Murray  Bay.  on  the  St.  Lawrence.  I  have 
received  from  Dr.  J.  W.  Dawson,  of  Montreal.  The  beds  at  Middlebury,  Vermont, 
are  of  clay  without  marine  shells;  but,  acconling  to  Professor  C.  il.  Hitchcock, 
there  is  no  higher  land  between  them  and  Lake  Champlain,  and  they  could  not 
have  been  made  unless  the  waters  of  the  lake  were  at  the  same  level.  The 
heights  on  Long  Island  Sound  (north  side)  are  based  on  stratified  deposits  along 
or  near  tlie  Sound,  but  not  shell-bearing.  The  shells  in  the  Mt.  Desert  deposiu 
indicate  a  considerable  depth  of  water. 
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to  the  sea-level  that  we  find  indicated  along  the  sea- 

jing  thus  altogether  probable  that  the  interior  of  the 
'  participated  in  the  cliange,  the  amount  of  this  change 
ny  diameter  would  probably  have  had  some  relation  to 
)unt  at  its  extremitiea  As  Montreal  and  Lake  Cham- 
3  on  the  west  side  of  the  area,  Murray  Bay  on  the  north, 
}  Atlantic  border  deposits  on  the  eastern,  several  such 
;rs  may  be  run  across.  From  the  heights  observed 
I,  and  the  distances  between  any  two  of  them,  the  mean 
increase  per  mile  of  distance  may  be  obtained.  The 
ig  tables  contain  the  results  of  such  comparisons — 
iting  New  Haven,  Ct.,  or  New  London,  Ct.,  for  the 
aore  of  Long  Island  Sound. 

A.  Lines  running  toward  Montreal. 

Distance.  Rate. 

en  to  .Montreal :i(»0  milen.  \'('S  feet  jHsr  mile. 

•ley  to  Montreal 255      "  1-65-1  75  " 

Me.,  to  Montreal 195      '♦  15 

i;.  Links  to  Murray  Bay. 

en  to  Murray  Bay,  Canada         460  miles,         l'2b  feet  per  mile. 

-ley  to  Murray  Bay   :J75       '  1-33-1  40  " 

to  Murray  Bay 260      '-  1-44 

C.  Links  to  localities  on  the  Atlantic  Border. 

lou  to  Le\\'istou,  Me 220  miles.  09  feet  per  mile. 

lead  to  Lcwiston.  Me 192      "  105  -' 

ley  to  Lewiston,  Me 125      "  1  to  1*2  '- 

lead  to  Point  Shirley 70      •'  0*5  to  0-8  "  ' 

nean  rate  of  increase  toward  Montreal  is  thus  1*5  to 
t  per  mile,  while  on  the  coast  it  is  not  over  one  foot  a 
nd  in  the  direction  of  an  intermediate  point,  Murray 

is   1'26-1*40  feet  per  mile.      The  direction  of  greatest 

is  not  in   the  direction  of  a  meridian,  but  along  a  line 

northicestward, 

these  mean  rates  of  increase,  supposing  the  increase 
I,  the  amount  of  change  at  intermediate  points  on  the 
ay  be  obtained.  We  thus  obtain  for  the  region  of  the 
ticut  Valley  at  Lancaster,  using  the  line  from  Lewiston 
treal,  a  height  of  818  feet.     Using  thel  ine  from  New 

to  Murray  Bay  for  a  similar  calculation,  the  height 
same  place  is  found  to  be  326  feet.  This  near  coinci- 
eems  to  be  significant. 

Haverhill,  the  amount  of  change  would  be — the  place 
6  miles  from  Lancaster,  measured  along  the  valley,  and 
ni  Long  Island  Sound — ^72  feet. 
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We  thence  have  1*25  feet  per  mile  (=50  seconds  nearly  in 
angle)  as  the  mean  rate  of  change  northward  along  the  Connec- 
ticut valley. 

The  line  I)  S  on  the  section  (figure  2,  Plate  2)  represents  the 
mean-tide  level  thus  deduced.  It  is  drawn  from  a  point  on  the 
Sound  marking  25  feet  above  mean-tide  level  (supposing  th^ 
change  on  the  Sound  to  be  25  feet,  though  along  by  the  mouth 
of  the  Connecticut  it  may  not  have  exceeded  15  feet),  and  rises 
in  the  direction  of  the  valley  northward,  at  the  rate  of  1*25  feet 
per  mile. 

It  cannot  be  assumed  that  the  rate  was  equable  throughout 
the  valley.  It  may  have  been  less  than  the  deduced  rate  to 
the  south,  and  greater  northward ;  and  this  is  shown  beyond 
to  have  been  j)robably  a  fact  If  the  rate  had  been  one  foot 
per  mile  for  the  first  third  of  the  length  of  the  valley,  or  to 
opringfield,  and  1'38  feet  for  the  rest  of  the  way  to  Haverhill, 
the  height  at  Haverhill  would  have  been  very  nearly  the  same 
as  above  deduced,  or  2f>8  feet. 

b.  Effects  of  the  change  while  tfic  river  was  low. — If  the  river 
were,  for  a  while,  at  or  near  modern  low-water  level  (and  it 
probably  was  so),  the  change  of  1*25  foot  a  mile,  would  have 
taken  out  all  the  mean  slope  from  the  several  parts  of  the 
valley,  excepting  the  abruj)t  descents  at  the  falls.  The  tides 
would  have  extended  beyond  the  Holyoke  dam,  eight  miles 
above  Springfield,  obliterating  the  falls  and  have  stood  15 
feet  above  its  top ;  and  have  reduced  Turner's  Falls  nearly  30 
feet  in  height.  The  elevation  of  low-water  level  above  the  sea 
would  have  been  only  35  feet  at  South  Vernon,  or  the  Massachu- 
setts  boundary;  at  Windsor,  88  feet;  at  Haverhill,  120  feel 
Hence  the  descent  between  South  Vernon  and  Windsor  would 
have  been  only  -48  feet,  which  is  three  feet  less  than  the  fall  (SI 
feet)  at  Bellows  Falls,  situated  between  these  two  points;  and 
the  descent  between  Windsor  and  Haverhill  would  have  been 
only  87  feet,  which  is  three  feet  less  than  the  fall  (40  feet)  at 
the  falls  between  Hanover  and  White  River.  Since  these  falls 
would  have  wasted,  by  friction  at  bottom,  any  velocity  which 
might  have  been  gained  by  descent,  the  Connecticut  River 
would  have  been  for  the  most  part  a  series  of  nearly  still-water 
stretches  with  falls  at  a  few  distant  points.  This  condition 
would  have  continued,  with  but  little  change  as  to  the  effect  of 
the  dams,  after  the  waters  had  risen  20  to  25  feet  above  low 
water,  as  in  a  modern  flood. 

One  possible  consequence  from  such  a  state  of  things  would 
have  been  an  opportunity  for  clay  and   fine-sand  depositions, 
without  the  need  of  help  from  .dams;  and  another,  an  almost. 
complete  absence  of  the  work  of  erosion — since  the  waters  woul^ 


from  the  melting  of  the  Quaternary  Glacier.  199 

ive  had  but  slight  working  force,  and  the  present  low-water 
vel  wouhi  have  been  the  lowest  possible  level  at  which  this 
itle  work  could  have  been  done.  An  earlier  consequence 
light  have  been — the  deposition  of  the  till  with  no  more  strati- 
cation  where  it  fell  into  the  waters  than  when  dropped  outside 
f  them. 

c.  Effects  of  Hie  change  after  the  flood  had  made  progress. — 
fhen  the  river  had  risen  to  a  height  of  60  or  SO  feet  above 
)\vwater  level,  the  falls  in  the  course  of  the  valley  would  no 
)nger  have  been  mere  nullities  as  regards  their  eflfect  on  the 
lean  velocity  of  the  stream  immediately  below  them ;  for  the 
elocity  acquired  by  the  descent  wcftild  have  been  only  in  part 
rasted  by  friction  at  bottom. 

But  when,  beyond  this,  maximum  flood  level  had  been  reached, 
othat  the  surface  of  the  water  was  200  feet  and  more  above 
}w-water  level,  the  falls  would  have  lost  all  influence  on  the 
elocity  by  their  submergence,  and  the  general  slope  of  the  flood 
/ould  have  conformed  nearly  to  the  general  pitch  and  width 
f  the  valley.  As  the  upper  deposits  were  made  by  the  stream 
rhen  near  and  at  this  maximum  level,  and  the  lower  were,  at 
he  same  time,  beneath  the  sweeping  flood,  it  becomes  of  the 
igbest  importance  to  compare,  as  nearly  as  possible,  the  mean 
elocity  at  the  time  with  the  amount  of  transporting  power  indi- 
ated  by  the  nature  and  condition  of  the  stratified  deposits. 

If  the  rate  of  change  along  the  valley  with  reference  to  the 
cean  level  were,  as  above  deduced,  1*25  feet  per  mile  (and  the 
hange  at  the  Sound  25  feet,)  the  height  of  the  water-surface 
bove  mean  tide  would  have  been  at — 

Haverhill 383  feet 

Windsor 299    *• 

South  Vernon,... 236    " 

Springfield, 135    " 

The  Middletown  dam 137    " 

The  mean  slope  and  velocity  on  the  above  supposition,  would 
ence  have  been  for  the  part  from — 

Velocity,  Velocity. 

\rlth  width  with  width 

Distance       Slope  4000  ft.  2500  ft. 

Id  miles,    ft.  perm,    m.perh.    ft.  per  sec.  m.  perh.    ft.  per  sec. 

averhill  to  Windsor 41  2  11-515       16-89         11-39  16*70 

indeor  to  South  Vernon  49  13  10*33         15*16         10*22  15*00 

Vernon  to  Springfield  .  44  23  11-93         17-50         11-81  17*32 

)ringfield  to  Middletown  38  0           

aTerhill  to  Springfield..  134  1*9  11*37         1667         11-25  16*50 

iddletown  dam  to  Sound  26  52  14-65         21*49         14*51  21*28 

According  to  the  above,  the  river  at  maximum  flood  would 
lave  had  no  slope  between  Springfield  and  Middletown,  and 
lave  therefore  been  in  this  part  a  great  lake.    But  this  condition 

Am.  Jode.  Sol— Thibd  Sbbibb,  Vol.  XXin,  No,  185.— Maboh,  1882. 
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is  shown  to  be  improbable  by  the  coarse  character  of  the  deposits 
in  the  Springfield  region  that  were  made  at  maximum  need; 
and  this  is  one  of  the  reasons  referred  to  on  page  198,  for  believ- 
ing that  the  slope  in  the  lower  third  of  the  valley  was  reduced 
to  a  less  rate  than  1'25  feet  per  mile.  Taking  it  at  1  foot  per 
mile  to  Springfield,  as  there  suggested,  and  1*33  feet  above 
Springfield,  it  gives  for  the  height  of  the  water-surface  above 
mean  tide  at 

Haverhill 387  feet. 

Windsor 307     " 

South  Vernon 248     " 

Springfield » 151     " 

The  Middletown  dam U4     •* 

Excepting  south  of  Springfield,  the  changes  in  slope  thus  in- 
troduced between  the  places  mentioned  are  small — that  from 
South  Vernon  to  Springfield  becoming  2*2 ;  from  Windsor  to 
South  Vernon  1*2 ;  that  from  Haverhill  to  Springfield,  1*8;  and 
that  from  Haverhill  to  Windsor  continuing  at  2 ;  so  that  the 
velocities  would  be  but  slightly  altered.  Between  Springfield 
and  Middletown  the  pitch  becomes  about  3  inches  a  mile. 

According  to  the  preceding  table,  the  velocity  from*  Have^ 
hill  to  Springfield,  notwithstanding  this  change  of  one-third  in 
the  slope  of  the  stream,  would  still,  when  at  the  highest  flood* 
level,  have  exceeded  10  miles  an  hour  for  a  mean  width  of 
2500  feet,  the  pitch  to  Springfield  being  nearly  2  feet  a  mile.* 
And  if  we  assume  that  bends  and  other  obstructions,  and  trana- 
portation  would  have  reduced  the  mean  velocity  20  per  cent, 
it  would  still  be  8  miles  an  hour,  with  a  bottom  velocity  over 
6,  and  therefore  much  in  excess  of  that  indicated  by  the  char 
acter  of  the  bottom  deposits. 

It  is  quite  certain  that  the  slope  must  have  been  much  less 
than  that  which  corresponds  to  a  height  of  water-surface  at 
Haverhill  of  387  feet,  or  a  pitch  in  the  valley  to  Springfield  of 
21  inches  a  mile.  But  it  is  not  so  evident  what  slope  would 
harmonize  the  facts;  that  is,  would  cause  a  velocity  sufficient 
to  make  or  leave  coarse  valley  deposits  near  and  at  flood  level, 
such  as  might  be  made  by  a  current  of  4  to  6  miles  an  hour, 
and,  at  the  same  time,  leave  almost  undisturbed  beds  of  sand 
or  of  fine  pebbles  along  its  bottom,  whether  at  depths  of  50  or 
150  fcjet,  this  alike  for  the  stream  north  of  South  Vernon  and 
south  of  it,  and  even  for  the  part  north  of  Wells  River  to 
Bariiet  as  well  as  south  of  Wells  River. 

By  calculation,  usinpr   the  same  elements  as  before,  taking 
the   width    at  2r)00    feet   and   making   no   allowance  for  ob- 

♦  Ac*cordinj^  to  tlie  fornmla,  the  velocity  varies  approximately  as  the  4di 
root  of  the  slope,  and,  coiiHoquuiitly,  to  diminish  the  velocity  from  any  rate  to  cue* 
half,  the  slope  must  be  reduced  about  a  aixteeuth. 
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tractions  by  bends  or  transportation,  it  appears  that  a  slope  in 
he  water  surface  of  only  0*383  inches  a  mile  would  give  a 
nean  velocity  of  4  miles  an  hour;  and  one  of  0*923  inches,  a 
nean  velocity  of  5  miles.  The  Mississippi  along  a  straight 
portion  at  Carrollton,  during  high  water,  when  the  maximum 
Jepth  was  136  feet  and  the  slope  but  1*3  inches,  has  a  mean 
fc'elocity  of  4  miles  per  hour.     (See  beyond.) 

Making  allowance  for  the  probable  amount  of  resistance 
rom  the  sources  above  mentioned,  it  would  seem  that  a  slope 
)f  2  inches  a  mile  to  Springfield  wo\ild  have  been  sufficient  to 
neet  the  conditions;  and  that  one  of  3  inches  would  have 
>een  too  great.  But  suppose  it  3  inches  a  mile;  a  change  in 
he  pitch  of  the  valley  amounting  to  18  inches  a  mile  would 
lave  been  needed  to  produce  it.  If  we  suppose  it  6  inches — 
w^hich  is  a  very  large  pitch  in  any  stream  under  continuous  flow 
that  is,  not  broken  into  parts  by  dams)  which  was  the  fact  with 
he  flooded  Connecticut  down  to  Middletown — the  needed 
liminution  in  the  pitch  of  the  valley  would  have  been  15  inches 
I  mile.  This  amount,  15  inches,  added  to  the  15  inches  a  mile 
leduced  from  the  elevated  sea-beaches,  would  make  for  the  total 
liminution  in  mean  rate  of  pitch  to  Springfield  2^  feet  a  mile ; 
nd  if  the  amount  were  18  inches,  the  total  would  be  2|-  feet  a 
nile,  which  would  make  the  change  at  Haverhill  hardly  50  feet 
ess  than  at  Montreal. 

The  later  change,  whatever  its  amount,  would  have  been  a 
ontinuation  of  the  former.  Whether  it  was  confined  or  not 
o  the  Ck)nnecticut  valley — a  line  of  weakness  in  former  geo- 
ogical  eras — must  be  determined  by  the  study  of  other  valleys 
o  the  east  and  west,  especially  the  Merrimack  on  one  side  and 
hat  of  Lake  Champlain  and  the  Hudson  on  the  other.  It  is  a 
trange  fact  that  the  terrace  formation  of  the  southern  part  of 
he  Lake  Champlain  region,  and  of  its  continuation  along  Lake 
George  to  Albany  on  the  Hudson  has  not  yet  been  carefully 
ludied. 

In  view  of  so  great  changes  in  the  slope,  reining  in  the 
haters,  the  floods  of  the  Connecticut  Valley  lose  something  of 
he  magnificence  portrayed  in  the  high  terraces.  But,  on  the 
'tber  hand,  the  conditions  are  brought  within  more  reasonable, 
'f  less  improbable,  limits. 

It  is  interesting  and  instructive  to  compare,  in  this  connection, 
1e  velocity  and  other  elements  of  a  straight  portion  of  the  Mis- 
ssippi  River  at  high  water.  According  to  the  measurements  of 
ich  a  portion  of  the  river  in  the  vicinity  of  Carrollton,*  referred 
above,  made  by  the  Delta  Survey  in  1861  under  the  special 
arge  of  Professor  C.  G.  Forshey,  and  published  on  page  316  of 

*  Carrollton  is  121  miles  from  the  mouth  of  the  Mississippi,  and  at  higli  water 
surface  of  the  river  is  15'2  feet  above  sea-level. 
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the  report  of  Humplireys  and  Abbot  as  one  of  the  thirty 
upou  which  data  their  formula  for  velocity  was  based,  the  e)^ 
ineuts  were  as  follows : 


Area  of 
cro88-8ection 
In  square  feet. 

193,968 


Width 
In  feet. 

2653 


Wetted 

perimeter 

In  feet. 

2693 


Maximum 

depth 

In  feet. 

136 


Mean 

velocity 
per  second. 

5*9288 


Slope. 
0*00002051 


The  calculated  velocity  found  by  the  formula  was  6*9673  per 
second,  giving  a  difference  of  0'0385  feet.  The  velocity  obtained 
is  almost  exactly  four  miles  an  hour ;  and  the  slope  to  which  thii 
velocity  corresponds  is,  as  already  stated,  1"3  inches  per  mile. 

By  means  of  the  formula,  we  have,  from  the  same  conditioni 
in  the  Mississippi  as  to  dimensions,  but  with  other  assumed  slopei, 
the  following  results: 


Slope  per  niUo 

Velocity  In 

Velocity  In  ll»ei 

In  feet. 

Slope  per  foot. 

mllen  per  hour. 

per  ■econd. 

1-75 

0-0003314 

8-129 

11-918 

30 

0-0005682 

9-32 

13-670 

4-5 

0-0008523 

10-32 

15-145 

6M) 

00011364 

12-47 

18-292 

The  case  of  the  Mississippi  differs  from  that  of  the  flooded 
Connecticut  in  the  less  average  depth — the  maximum  being  Wl 
feet.  The  Mississippi  River  was  more  like  the  New  England 
stream  when  it  was  itself  flooded  from  the  same  cause ;  when  itt 
loess  deposits  were  formed,  according  to  Professor  K  W.  Hilgard, 
not  many  miles  above  the  head  of  the  delta,  to  a  height  oi4M 
feet  above  the  sea.  Its  average  width  below  the  mouth  of  tbe 
Ohio  exceeded  60  miles.  Professor  Hilgard  points  out  the  fact* 
that  the  "Grand  Gulf  Group,"  of  the  border  of  the  Gulf  of 
Mexico,  along,  and  east  and  west  of,  Louisiana,  (representing  the 
Tertiary  after  the  Eocene,)  is  capped  near  the  gulf  by  bedsrf 
stratified  drift  to  a  height  of  500  feet  above  the  gulf;  and  that 
the  facts  indicate  that  an  elevation  of  the  gulf  border,  and  of  thit 
))ortion  of  the  Mississippi  valley,  was  begun  in  the  early  Tertiary 
and  went  on  until  it  had  reached  a  height  in  the  Glacial  era  a 
900  feet,  after  which  there  was  a  reverse  movement.  In  thil 
reverse  movement  (or  after  it  and  a  new  bend  upward),  the  regioi  j 
must  have  been  long  at  or  near  450  above  the  sea  (if  there  im 
not,  in  ])laee  of  part  of  it,  a  diminution  of  pitch  northward),  in 
order  that  the  slope  of  the  water-surface  of  the  river  should  haw 
been  reduced  to  a  minimum,  so  as  to  allow  of  such  fine  deporiti 
as  the  ltt»ss. 

On  this  view,  the  Mississippi  had  a  dam,  and  was  put  thereby 
into  a  lacustrine  condition,  right  for  making  Icess  or  loamy  depot* 
its.  The  Connecticut  had  a  dam  also ;  but  it  continued  neverthe- 
less to  be  a  river  throughout,  its  loamy  deposits  and  clay-beds 
being  subordinate  in  the  upper  terraces  to  its  sand-beds  and  tboee 
of  coarser  constitution. 

♦  In  this  Jouraal,  xxii,  58,  1881. 

[To  be  contmuod.] 
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XVIII. — On  the  Geographical  Distribution  of  certain  Fresh- 
er  Mollusks  of  North  America^  and  the  probable  causes  of 
r  Variation ;  by  A.  G.  Wetherby,  Professor  of  Geology 
I  Zoology,  University  of  Cincinnati.* 

viNG  set  forth,  in  the  first  part  of  this  paper,  the  main 

eonnecied  with  the  distribution  of  the  Unionidte  and 
jmatidcB^\  over  the  region  under  consideration,  it  now  be- 
i  my  task  to  attempt  a  solution  of  some  of  the  problems 
by  indicated ;  for,  to  the  careful  student  of  this. subject, 
al  of  its  features  are  in  the  nature  of  unanswered  questions ; 
;hese,  it  seems  to  me,  will  be  found  to  be  so  intimately 
iateii  with  the  history  of  our  continent's  development,  and 
ially  with  that  part  relating  to  the  evolution  of  its  systems 
ainage,  as  to  cause  continual  reference  to  that  subject,  in 
ght  of  present  geological  knowledge, 
ithout  stopping,  at  this  point,  to  discuss  the  zoological 
onships  which  possibly  indicate  the  marine  ancestry  of 
lollusks  under  consideration,  it  is  a  fair  presumption  that 
st  fresh-water  forms  were  lacustrine. 

the  truth  of  this  proposition  there  seems  to  be  ample  evi- 
I  in  the  fact,  that,  even  during  Archaean  times,  fresh-water 

were  not  impossibilities  or  even  improbabilities.  The 
sses  by  which  salt  water  areas,  isolated  from  the  main 
,  pass  through  their  various  stages  of  approach  to  fresh - 

conditions,  are  familiar  to  all  students  of  physical  geog- 

;  nor  is  the  fact  of  the  existence  of  such  bodies  of  water 
as  of  limited  drainage  any  less  well  known.     High  pla- 

and  low  plains  alike  contribute  examples  of  this  fact. 

are  most  typical  in  regions  of  comparative  aridity  from 
IS  causes ;  and  many  such  bodies  of  water  now  known 
been  undergoing  the  freshening  process  since  the  early 
iries. 

3an  not,  I  think,  be  doubted  that  there  have  been,  through- 
he  geological  ages,  depressions  of  this  description ;  and 

we  consider  the  fossil  shells  found  in  lacustrine  deposits, 
;he  forms  now  inhabiting  such  bodies  of  water  as  Lake 
il  and  Lake  Balkash,  the  probability  of  their  gradual  dif- 
tiation  from  marine  types,  and  of  their  successive  varia- 

as  fresh-water  forms,  seems  to  be  associated  with  no  factor 

e  improbable. 

.  this  consideration  due  weight  must  be  given  to  the  great 

'rom  the  Journal  of  the  Cincinnati  Society  of  Natural  History,  July,  1881 ; 
;  Part  ii  of  an  article  of  which  Part  i  appeared  in  January,  and  was  noticed 
.  16  of  this  Yolume. 

The  Strepomatidflp  comprise  the  American  species  formerly  referred  to  the 
mia  family. 
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:T.*.zervo  of  Archaean  lands  upon  the  subsequent  moulding  a 
\>rai;ng  of  the  continent,  whose  final  systems  of  drainage,  t 
*••  ^^  stages  of  development  leading  to  them,  were  determir 
bj  ihi*  early  and  stable  region,  which  had  its  representat 
treason  btuK  sides  of  the  incipient  uplift,  and  at  comparativ 
isolaieti  |>oints  over  the  great  central  basin ;  areas  aroi 
whioh  clustered,  throughout  the  history  of  continental  progp 
the  geological  activities  that  determined  everything. 

It  seems  desirable,  in  discussing  the  variations  above  bin 
at*  to  rtMnember  that  there  must  have  been  a  far  greater  im 
tus  given  them,  when  changes  in  drainage  brought  to  th 
creatures  the  vicissitudes  accompanying  distribution  into  b 
ies  of  flowing  water.  Such  changes  of  station,  and  final)) 
habitat,  were  among  the  last  possibilities  of  continental  grow 
btvauae  it  was  only  in  connection  with  the  later  grand  mo 
menta  associated  with  terrestrial  evolution,  that  present  s 
toiuH  of  drainage  became  possibilities  It  is  likewise  true,  t 
at  no  time  since  any  drainage  has  existed  on  the  continent 
struams  large  enough  to  contain  a  shell  fauna,  has  there  b 
such  a  complication  of  circumstances  favorable  to  the  local 
riation  of  that  fauna,  and  the  consequent  establishment  of  v; 
otios  as  now.  For  while  it  is  a  well  determined  fact  in  g( 
tigy,  that,  with  the  progress  of  continental  evolution,  thec( 
plcxity  of  the  characters  of  strata  increased,  it  is  also  true  t 
rac-h  of  these  new  features  would  become  a  factor  of  importa 
ill  modifying  the  character  of  streams  flowing  through  the  la 
iind  would,  for  this  reason,  aid  in  changing  the  nature  of 
iriollijsks  inhabiting  them.  And  these  conditions  reach  tl 
^n-atcst  development  in  mountain  regions,  for  the  follow 
among  other  causes  that  ma}^  be  enumerated. 

AV/'.v/,  it  is  in  such  areas  that  streams  cut  their  way  throi 
strata  of  the  most  heterogeneous  character,  partly  owing  to 
v\\^'.('M^  of  metamorphism  and  other  disturbing  causes  upon  sti 
tli;it  may  have  been,  originally,  more  homogeneous.  Secc 
h*;/;aijHe  oven  where  metamorpnic  effects  maj'^  be  wanting, 
range  of  formations  traversed  will  be  greater  through  the  m 
/rxt'jfisive  erosion.  TJtird,  because  in  mountainous  regi' 
th'rnj  is  an  increase  of  probability  that  mineral  deposits^ 
fjjll  in  the  path  of  streams,  which  will  effect  changes  in 
7/;it^T,  causing  abnormal  stunting,  or  extraordinary  devel 
r/i'Tiit,  of  given  forms.  Fourth^  because  the  influx  of  s 
ittniams,  bearing  the  water  of  mineral  springs,  will  add  to  tli 
#;flV;tH.  FijVt,  because  here  we  have  the  maximum  of  extrer 
in  rate  of  current,  and  consequently  the  maximum  of  capa( 
to  transport  sediments  that  may  act  favorably  or  unfavora 
Open  the  various  creatures  inhabiting  these  streams.  Si 
HuMUSe  of  the  probability  that  these  mollusks  have  been  pi 
^Klad  down  stream,  to  the  limit  of  favorable  conditions 
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limit  always  determined  in  the  first  place  by  geological  causes 
—and  because  of  the  variation  in  the  conditions  met  in  this 
traverse.  Seventli^  because  combined  with  these  circumstances 
is  the  fact,  that  all  the  stages  in  the  development  of  these 
creatures  are  passed  in  an  element  thus  unstable,  amid  condi- 
tions thus  diversified,  where  the  slightest  tendency  to  varia- 
tion must  have  the  maximum  of  exciting  causes  constantly 
operating  to  call  it  into  play.  If,  then,  it  be  admitted  that 
there  is  in  the  animal  races  any  tendency  to  variation,  and 
any  capacity  for  adaptation,  life,  under  such  circumstances, 
would  oe  a  continuous  development  and. exercise  of  these  in- 
herent qualities.  For  mountain  regions  have  been  the  seat  of 
origin  oi  all  drainage,  and,  no  doubt,  of  the  first  forms  of  life 
inhabiting  that  drainage. 

Now  let  us  examine  these  probabilities  in  the  light  of  the 
actual  facts  connected  with  the  distribution  of  certain  fresh- 
water shells. 

First,  we  may  consider  the  circumpolar  distribution  of  the 

Limnceidce,     These  raollusks  are  essentially  lacustrine^  for  while 

•  they  are  distributed  into  rivers  and  smaller  streams  to  some 

extent,  their  station  of  fullest  development  is  in  lakes,  the  world 

over. 

The  genera,  Physa^  Limnvea  and  PlanorbiSj  are  essentially 
northern  forms,  for  it  is  in  the  cooler  regions  of  the  earth  that 
they  reach  their  largest  size  and  greatest  difierentiation.  Dis- 
tribution southward  is  accompanied  by  a  stunting  of  forms  in 
all  cases  but  that  of  the  sub-genus  Bidimus^  of  which  the  B. 
duraniium  passes  through  the  American  tropics,  and  is  many 
limes  the  size  of  its  circumpolar  northern  relative,  the  well- 
known  B,  hypnoTum,  This  case  stands  as  the  only  exception 
to  an  otherwise  universal  rule,  respecting  a  group  of  mollusks  cov- 
ering many  described  species,  ana  yet  one  in  which  the  differen- 
tiaiion  of  forms  has  led  to  such  interminable  varieties,  that  the 
most  critically  accurate  of  our  conchologists  hesitate  to  label 
them.  The  careful  student  of  our  North  American  forms  will 
find  these  shells  more  closely  allied  to  their  European  relatives 
than  any  other  group  of  mollusks  found  on  the  two  continents, 
unless  it  be  the  SuccimnoB^  and  a  few  littoral  marine  species ; 
«nd,  as  it  is  not  possible  to  separate  them  inte7'  se^  upon  anatom- 
ical distinctions,  in   the  greater  number  of  cases,  it  may  be 

^  reigarded  as  a  substantial  proof  of  their  high  antiquity  when 
taken  in  consideration  with  the  following  facts:  first,  their 
universal  presence  in  the  lakes  of  the  older  geological  forma- 
tions  at   the  north;    second,   their  circumpolar  distribution; 

third,  their  presence  in  regions  unfavorable  to  the  development 

of  other  families  of  mollusks,  as  testified   by  their  absence; 

fourth,  their  persistent  appearance  together,  even  southward, 
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over  regions  of  elevation.  For  these  reasons,  and  for  others  i 
convenience  in  this  discussion,  I  shall  designate  them  as  Faui 
A,  and  will  add  this  important  and  distinctly  proven  stat 
ment :  that  they  reach,  on  our  continent,  their  maximum  ( 
size,  of  differentiation,  and  the  greatest  local  number  of  s( 
called  species,  in  precisely  that  portion  of  it  having  the  greate 
number  of  lakes,  in  regions  of  the  oldest  land  or  contiguous  t 
it,  and  where  there  is  the  greatest  paucity  of  other  molluski 
This  fauna  is  thus  clearly  shown  to  be  regional,  and  the  infei 
ence  is  fair  that  it  has  a  very  high  antiquity. 

Over  the  same  region,  both  in  Europe  and  America,  we  Imv 
distributed  a  few  species  of  the  UnionicUe^  mostly  represente 
by  the  genus  Anodonta,  a  lacustrine  group,  always  affectin, 
still  waters  with  muddy  bottoms.  These  forms,  with  plai 
surface,  and  comparatively  thin  shells,  are  the  predominan 
types  of  the  Unionidas  over  the  whole  northern  portion  of  ou 
continent  from  Maine  to  Oregon.  It  is  among  the  species  o 
this  genus  that  there  occurs  the  greatest  apparent  synonymj 
and  the  systematic  zoologist  will  find  himself,  in  the  study  o 
these  shells,  face  to  face  witii  the  question  of  varieties  in  end 
less  and  interminable  confusion.  Nor  is  triis  statement  ai 
exaggeration,  when  we  remember  that  European  malacologisb 
of  greater  or  less  repute,  have  made  nearly  one  hundred  syn 
onyms  for  the  A,  cygnea  alone;  and  that  the  slightest  reviev 
of  our  North  American  species,  in  the  light  of  the  evideno 
offered, by  geographical  varieties,  now  well  known,  must  reduc 
the  number  of  so-called  species  more  than  one  half;  and  man; 
of  these  varieties  continue  from  Kastern  New  York  to  Minne 
sota,  and  a  fewer  number,  southward  to  the  very  borders  o 
Mexico,  over  all  of  which  area  T  have  traced  thera!  These  sheik 
for  like  reasons  with  the  first,  1  shall  designate  as  Fauna  B. 

The  region  occupied  by  A  and  B  contains  very  few  repre 
sentatives  of  the  Strepomatidce^  or  Fauna  C.  Their  geographica 
range  northward  was  set  forth  in  the  first  of  these  papers;  am 
it  is  a  significant  fact  that  the  few  species  of  the  Strepomatida 
occupying  this  region,  are  those  belonging  to  types  that  farthe 
south,  where  the  conditions  of  variation  enumerated  in  anothe 
l)art  of  this  paper  reach  their  maxinuim,  are  so  intimatel; 
united  by  varieties  as  to  render  their  separation  into  disiinc 
species,  in  most  cases,  utterly  impossible;  as  the  shells  fron 
different  localities  arc  so  completely  blended,  that  it  is  m 
exaggeration  to  say  that  fifty  per  cent  of  thc'described  specie 
are  the  merest  synonyms.  At  the  north,  even,  the  difficult; 
begins;  and  it  vastly  increases  in  the  more  southerly  mountain 
ous  region.  This  fauna  differs  essentially  from  A  and  B,  ii 
that  it  is  not,  normally,  lacustrine,  but  lluviatile.  A  very  fe« 
species  are  found  in  lakes,  occasionally  ;  but  there  is  in  thesi 
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ie\ls  an  inherent  aversion  to  still  water,  which  characterizes 
U  the  genera,  leading  them  to  frequent  rather  the  rapid  parts  of 
ocky  streams;  and  here  it  is  that  we  meet  their  greatest  diver- 
sity of  types,  and  the  greatest  variety  of  coloration  and  orna- 
mentation.    This  peculiarity  of  station  is  so  persistent,  that  no 
skilled  collector  ever  searches  for  them  in  level  reaches  of  deep 
water,  unless  in  the  case  of  a  few  species  of  Pleurocera^  which 
affect  such   localities;    but  7o,  Angitrema,  Liihasia,  Anculosa^ 
&hmtoma,  Qoniobasis^  and  ^irephobasis,  all  genera  represented 
by  an  infinity  of  varietal   forms,  seek   always  clean,   rapidly 
flowing  water,  in   rocky  or  gravely   river   beds ;    and   these 
groups  are  only  represented  by  the  genus  Melanopsis^  over  the 
same  range  in  Europe  and  Asia,  and  by  Ooniobasis  and  Pleuro- 
araat  the  north,  in  America,  their  grand  metropolis;  in  for- 
eign lands  their  representatives,  also,  are  confined  to  a  range 
mostly  south  of  that  occupied  by  A  and  B.     This  fauna  has  a 
very  limited   distribution  of  genera  and  species  west  of  the 
Mississippi,  a  fact  easily  traced,   I  think,   to  true  geological 
causes,  some  of  which  are  past,  and  others  are  now  in  operation. 
The  shells  designated  as  Ohio  River  Types  in  my  previous 
article,  I  sdall  call  Fauna  D.     Of  its  geographical  distribution, 
varieties,  and  persistent  forms,  enough  was  said  in  that  paper; 
and  since  it  was  written,  I  have  received,  from  the  very  south- 
western borders  of  Texas,  a  collection  of  Uniones  gathered  at 
random,  which  contains  nothing  but  absolutely  typical  Ohio 
River  species.    South  of  the  Ohio,  in  parallel  streams,  beginning 
with  Kentucky  River  and  Green  River,  and  continuing  to  the 
eastern  and  southeastern  tributaries  of  the  Tennessee,  we  find, 
as  has  already  been  stated,  a  group  of  shells  of  a  distinct  facies, 
requiring  no  expert  knowledge  of  conchology  to  enable  one  to 
see  that  it  differs,  as  a  whole,  from  the  Fauna  D,  with  which  it 
is  associated.     Its  southern  distribution   is  coextensive  with 
that  of  Fauna  C,  in   all   the  larger  and   many  of  the  smaller 
streanas.     Here  occurs  the  greater  number  of  described  "spe- 
cies" of  the  genus  Unio ;   for  among  the  forms  filched  from 
these  prolific  streams,  malacological  enthusiasts  have  disported 
themselves  as  species- makers,  until    the  crying   need   of  our 
times  is  an  honest,  impartial,  and  thorough  review  of  the  whole 
subject.     The  approximate  boundaries  of  Fauna  E  may^be 
placed  between  the  Ohio  River  on  the  north,  the  Tennessee  on 
the  south,  the  Appalachians  and  the  Mississippi.     One  fact  is 
of  curious  import  here  ;  and  it  deserves  to  be  put  upon  record 
in  this  discussion,  and  in  this  place.     In  his  last  edition  of  his 
Synopsis  of  the  Family  Unionidae,  1870,  which  he  tells  us  is 
bis  •*mo8t   important  work,"  Mr.   Lea  makes  the   following 
remarkable  statement,  the  truth  of  which   he'  had  abundant 
opportunities  to  verify  :  "although  I  have  examined  critically, 
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and  published  descriptions  of  the  soft  parts  of  254  spec 
this  family,  and  have  often  dissected  50  to  100  of  the 
species,  I  can  not  see,  as  yet,  any  useful  division  that  ( 
satisfy  the  student  or  the  adept,  which  can  be  made  by  syi 
atic  difference  in  the  organic  forms  of  the  soft  parts." 
means,  I  suppose,  that  tne  differences  of  the  soft  parts  a 
small  as  to  afford  no  safe  basis  upon  which  to  predicnte  < 
ification.  I  may  add  to  this,  that  the  most  intimate  stu( 
the  anatomy  of  different  species  of  the  Limnceidce  and  Strep 
tidcFy  has  convinced  me  beyond  reasonable  doubt,  that  sp 
differences,  supposed  to  be  indicated  in  the  shells,  do  no 
tend  to  the  animals  themselves,  so  far  as  these  studies  | 
show.  I  have  now  in  course  of  preparation  a  memoir  on 
subject,  which  I  hope  soon  to  publish  with  accurate  anatoi 
illustrations.  Here  is  one  of  those  strange  facts,  standir 
the  very  threshold  of  the  question  of  evolution,  which 
a  parallel  in  the  Lingula  and  the  Rhizopod. 

We  may  now  venture  upon  a  few  suggestions,  to  which  i 
considerations  give  rise.  Clearly  the  oldest  shell  fauna  i 
the  continent  would  have  naturally  inhabited  Archaean  regi 
and  as  it  is  altogether  likely,  from  chemical  facts  associ 
with  the  deposit  of  iron  ores,  and  the  presence  of  graphi 
the  older  rocks  of  the  continent,  as  pointed  out  by  Dr.  1 
and  Dr.  Dawson,  that  organic  life  may  have  existed  t( 
extent  not  yet  determined  by  fossils  actually  discovere 
such,  I  think  we  do  not  pass  beyond  the  bounds  of  probali 
in  assigning  to  Fauna  A  a  very  remote  antiquit}'.  Fron 
original  locus,  it  has  spread  to  the  limit  of  suitable  condit 
a  limit  undergoing  constant  variations,  perhaps,  through 
geological  ages,  but  which  has  been  determined  by  bound? 
mainly  fixed  by  true  geological  causes.  Through  adapU 
this  fauna  has,  in  a  few  cases,  overstepped  its  primitive  barr 
but  it  remains,  as  we  have  seen,  true  to  its  original  instinc 
all  its  more  important  phases.  It  is  not  probable,  as  ma 
suggested  by  the  doubting  reader,  that  this  fauna  would  I 
been  exterminated  by  the  great  glacier,  which  is  suppose 
have  originated  in  its  peculiar  haunts,  but  more  likely  that 
few  species  having  an  abnormal  southern  or  southwestern  ra 
received  the  first  impulse  of  distribution  in  thnt  direction  1 
the  glacial  condition  ;  and  that,  with  the  northward  retrei 
the  glacier,  they  simply  resumed  their  normal  habitat,  cent 
ing  their  distribution  in  that  direction,  in  succeeding  time 
the  northern  lakes  of  British  Americn.  In  studying  Fauni 
we  find  evidence  that  a  previous  distribution,  probably 
ered  by  the  same  or  other  causes,  has  never  been  fully  un 
in  a  few  cases — as  in  that  of  the  J/,  margaritifera,  occurring 
Maine  and  Oregon,  but  not  between  these  stations  so  far  tis  i 
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.  But  ill  most  cases,  the  re-union  has  been  complete, 
emnants  as  the  Glacial  epoch  left,  have  been  equal  to  the 
'ncy  of  perpetuating  their  races  over  the  region  desolated 
cial  action,  and  they  may  thus  indicate  what  are  the 
lities  of  development  under  determinate  conditions.  It 
e  suggested,  that  as  the  species  of  so-called  Strepoinatidce 
west  coast  .have  rather  the  facies  of  the  tropical  Melan- 
nd  as  the  other  associates  of  the  M.  margariiifera  in  the 

of  Oregon  are  species  not  elsewhere  found,  that  this 
aunal  remnant  is  an  independent  one,  and  I  readily  agree 
this ;  yet  there  is  no  doubt  of  the  existence  of  a  Fauna 
of  its  distribution,  and  the  possibility  that  its  present 
5  are  the  descendants  of  a  geological  remnant  like  those 

Still  more  striking  is  the  evidence  to  be  adduced  from 

C.     The  region  over  which   this  group  is  distributed 
ave  had  some  drainage,  though   perhaps  slight,  as  far 
IS  the  epoch  of  the  Cincinnati  uplift     It  thus  may  have 
ued  through  all  the   Paleozoic  ages  thereafter.      What 
T,  then,  that  we  have  here  such  diversity  of  forms,  when 
uember  the  mutations  through  which  the  continent  sub- 
itly  passed  to  the  termination  of  the  Paleozoic.     Local 
ions   and   submergencies,   and   the   various   phenomena 
ited    with    the    progress    of    continental    development, 
ht  to  these  creatures  a  series  of  vicissitudes  that  may 
left  many  remnants  in  favored  spots,  whose  descendants, 
led  and  changed  as  they  are,  afford  us  the  multitudinous 
ies  which  this  fauna  assumes  throughout  its  metropolis, 
eed,  if  we  could  reach  the  ancestral  form  of  these  crea- 
we  should  have  another  proof  of  the  existence  of  what 
been  so  philosophically  called  ** comprehensive  types;" 
)  is  by   no  means   a   difficult   thing  to  show  abundant 
ices  of  their  presence  in  this  heterogeneous  host  of  their 
ied  descendants,  as  I  hope  to  point  out  hereafter.     Even 
is    fauna   does   not   antedate   the   Carboniferous   epoch, 
;ation  which  it  has  always  occupied,  for  reasons  already 
I,   would    have   brought   a  maximum  of  differentiating 
3  to  bear.     Nothing  seems  clearer  to  me  than  the  separate 
.  of  D  and  E.     This  is  indicated  by  the  merest  superficial 
of  the  shells,  and  I  confidently  expect  that  future  geolog- 
xplorations,  among  the  western  Tertiaries,  may  bring  to 
additional  evidence  upon  this  subject;  and  that  when  the 
$  and  anatomy  of  these  animals  have  been  more  thoroughlv 
id,  and  when  we  hav,e  a  fuller  understanding  of  the  rela- 
existing  between  the  living  and  the  fossil  species  of  west- 
lurope,  and  the  fossil  Tertiary  species  of  southeastern  Eu- 

new  light  will  begin   to  break   in   upon  the  "origin  of 
es' among  these  protean  bivalves;  for  such  work  is  the 
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special  province  of  geology,  and  the  highest  generalization 
which  the  perfection  of  geological  knowledge  can  lead  us. 

In  considering  the  facts  connected  with  the  exploration  of  t 
western  lake  basins,  we  find  the  Unionidce  to  be  distribut 
through  the  whole  series  of  deposits  from  the  Jurassic  to  t 
Tertiary,  and  well  through  the  latter.  In  a  very  philosophic 
discussion  of  this  subject,  Dr.  White  has  shown  that  there  is; 
intermingling  of  forms,  and  an  extent  of  diflferentiation  poir 
ing  to  remoter  origin.  But  he  has,  in  a  foot-note  on  page  62 
made  the  following  statement  which  needs  correction.  "It 
a  significant  fact  that  those  North  American  rivers  which  co 
tain  the  richest  Unione  fauna  drain  Mesozoic  and  Tertiai 
regions,  while  those  that  drain  Paleozoic  and  Azoic  regions  hai 
a  comparatively  meagre  Unione  fauna."  The  whole  drainage  i 
the  Ohio  is  Paleozoic,  or  so  nearly  so  that  we  may  call  it  sucl 
This  stream  and  its  tributaries  south  and  southeast  are  the  rm 
tropolis  of  these  shells.  And  it  is  here  that  we  find  the  tw 
faunas  above  indicated  most  distinctly  developed.  The  rivei 
draining  the  Mesozoic  and  Tertiary  regions  of  the  west  have 
very  meagre  fauna,  both  as  to  species  and  individuals;  and 
have  already  stated,  that,  with  tlie  exception  of  the  few  Am 
dontas  of  the  northwest,  the  entire  assemblage  is  comjwsed  c 
Ohio  types.  Until  series  of  casts  of  the  Ohio  River  shells  ar 
made,  and  thes^  are  carefully  compared  with  the  casts  of  specie 
described  from  these  western  localities,  we  shall  not  hav 
reached  the  best  conclusion  which  a  study  of  these  fossils  wi 
afford  us.  If  we  consider  the  species  of  the  Mesozoic  and  Tei 
tiary  regions  of  the  south  and  southwest,  we  shall  find  tha 
when  we  have  removed  the  Ohio  types  from  the  lists,  very  fe^ 
valid  species  remain.  How  absolutely  true  this  is,  and  bo' 
great  is  the  synonymy  of  these  shells,  I  am  sure  is  not  the  we 
understood  fact  in  American  malacology  that  it  ought  to  b( 
There  can  be  little  doubt  that  the  distinctively  Ohio  type! 
thus  widely  distributed,  and  so  greatly  differentiated,  antedate* 
any  other  forms  occupying  the  same  region  with  them.  Bu 
other  groups,  during  the  mutations  of  the  geological  ages,  lei 
their  remnants  which  have  spread  over  the  same  area.  Th 
persistent  species  have  either  less  tendency  to  variation,  or  th 
precise  circumstances  to  call  out  such  latent  energies  have  no 
yet  been  brought  into  active  account;  while  other  forms,  fo 
opposite  reasons,  present  us  an  infinity  of  varieties,  alway 
easily  recognized,  and  of  the  derivative  character  of  which  m 
person,  who  has  investigated  this  subject,  can  have  any  doubt 

In  this  connection  the  isolated  fauna  of  the  Coosa,  to  whici 
reference  was  made  in  the  previous  article,  must  not  be  neg 
lected.  This  stream  flows  through  a  comparatively  limitec 
drainage.     It  contains  two  genera,  Schizosloma  an<l   Tuiotomn 
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resented  by  thirty  species,  that  have  not  yet  been  found  out- 
2  of  it;  and  this  in  a  region  where  every  stream  contains  an 
mdance  of  Strepomaiidce,  How  easy  for  a  slight  geological 
turbance  to  obliterate  the  record  of  their  existence;  how 
y  to  have  an  isolated  remnant  of  this  unique  fauna  left  in 
;  upper  reaches  of  this  mountain  stream,  when  a  less  sub- 
jrgence  than  took  place  in  this  region  during  the  Tertiary, 
)uld  exterminate  many  contemporary  species  in  the  lower 
It  of  its  drainage.  In  such  a  case,  this  isolated  remnant, 
lique  and  strange,  would  present  us  with  a  problem  for  con- 
ieration  like  that  of  the  Unio  spinosus.  This  single  example 
ell  represents  the  principle  to  which  this  article  points,  and 
lows  how  readily,  in  earlier  times,  when  systems  of  drainage 
ere  comparatively  limited,  and  opportunities  for  the  spread  of 
)ecies  were  correspondingly  less,  there  might  have  been  many 
ises  like  that  of  the  Coosa,  during  the  various  epochs,  which 
ft  remnants  of  their  shell-fauna;  and  those  remnants,  which 
ad  less  tendency  to  variability,  have  persisted  with  compara- 
vely  little  change ;  or,  possibly,  the  changes  have  been  in  a 
irection  which  did  not  characterize  other  groups  with  which 
ley  were  associated,  leaving  them  distinct  At  all  events,  the 
mnas  are  plainly  indicated,  and  in  many  cases  it  is  not  diffi- 
iltto  point  out  central  forms,  around  which  they  seem  to  be 
lustered. 

The  various  other  genera  of  Fresh-water  Shells,  found  in 
le  western  deposits  above  mentioned,  all  exhibit  a  tendency 
)  varieties  equal  to  that  of  the  Unionidce.  The  species  of 
^oniobasis  (?),  Vtviparus,  Physa  and  Planorbis,  are  all  cases 
i  point;  but  one  can  not  help  seeing  how  closely  the  three 
enera  last  mentioned  are  related  in  all  these  fossil  forms  to 
)ecies  now  living ;  and  it  seems  that  Dr.  White's  remark, 
ccompanying  the  description  of  the  Anodonia  propatoris,  "It 
'  not  to  be  denied  that  its  separate  specific  identity  is  assumed 
"om  its  known  antiquity,  rather  than  proved  by  its  structure 
nd  form,"  might  have  been,  with  still  greater  significance, 
'ritten  of  many  of  these  fossil  Viviparidce  and  Limnceidce,  Let 
lis  be  as  it  may,  I  am  convinced  that  the  origin  of  these  Ter* 
ary  and  Cretaceous  forms  is  to  be  sought  in  a  Paleozoic  pro- 
enitor,  whose  probable  starting  point  was  in  regions  adjacent 
)  the  western  Archsean.  While  the  species  of  fresh-water 
abitat  may  have  persisted  since  the  Carboniferous,  in  all  the 
igion  between  the  Appalachians  and  the" Mississippi,  much  of 
iat  portion  of  geological  time  has  been  fatal  to  such  existence 
I  the  region  west  of  the  same  stream  ;  and  though  Mr.  Tryon 
leaks  of  the  Mississippi  as  a  barrier  to' the  westward  distribu- 
)n  of  species,  it  seems  to  me  that  the  cause  is  really  to  be  found 

the  character  of  the  western  tributaries^as  well ;  for  while  the 
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muddy  waters  of  the  Mississippi  are  an  eiTectual  barrier,  in  a 
general  way,  accidental  transportation,  or  a  few  cases  of  actual 
traverse,  that  we  cannot  doubt  must  have  taken  place,  would 
have  furnished  abundant  types  for  spreading  the  species 
through  our  western  rivers,  if  the  conditions  had  been  favor- 
able ;  but  they  were  not  favorable,  and  consequently  no  such 
distribution  has  taken  place.  Hence  it  is,  that  the  few  species 
of  shells  inhabiting  those  streams,  seem  to  me  more  likely  to 
be  the  descendants  of  an  ancestry  of  old  date,  and  their  jreneral 
correspondence  in  form  to  the  Ohio  type,  points  to  their  com- 
munity of  origin.  The  Fauna  E  is  here  wanting;  nor  has  it 
any  representative.  When  we  come  to  the  consideration  of 
the  down  stream  distribution  of  the  species  east  of  the  Missis- 
sippi, we  find  the  StrepomatidcBy  as  represented  by  their  most 
characteristic  genera,  and  Fauna  E  of  the  Uhionidcey  to  have  a 
barrier  in  that  direction.  Here  they  cease,  and  beyond  it,  in 
the  Tennessee,  Cumberland,  etc.,  we  find  mainly  the  Fauna  D. 
Since  this  fact  is  general,  it  becomes  one  of  high  significance  in 
this  discussion,  and  stands  as  a  unique  evidence  in  favor  of 
some  of  the  suggestions  here  made ;  and  it  shows  conclusively, 
that  continuous  water  is  not  the  only  condition  of  molluscan  dis- 
tribution ;  and  that  the  present  station  of  /o,  Ooniobasis,  Ancii-^ 
losa,  etc.,  in  mountain  streams,  and  in  the  more  rapid  por- 
tions of  these  streams,  is  the  result  of  the  presence  of  condi* 
tions  to  which  these  creatures  are  by  nature  fitted  ;  and  while 
a  few  species  are  more  cosmopolitan,  owing  to  their  greater 
capacity  for  adaptation,  or  to  their  remote  ancestry,  the  great 
bulk  of  Fauna  C  has  its  range  circumscribed  as  has  here  been 
indicated. 

While  the  evidences  upon  which  the  theory  of  this  discus- 
sion rests,  from  the  geological  and  phylogenic  aspects  of  the 
case,  have  been  thus  hurriedly  cited,  there  is  yet  another  argu- 
ment, resting  mainly  upon  an  anatomical  basis,  which,  as  above 
indicated,  I  hope,  after  a  while  to  bring  out.  So  little  is  known 
of  the  close  relations  of  these  animals  from  this  point  of  view, 
that  I  am  of  the  opinion  that  the  systematic  zoologist  will 
look  with  wonder  and  surprise  upon  the  almost  entire  absence 
of  structural  unlikeness  in  animals,  even  in  such  matters  as 
the  distribution  of  the  alimentary  and  circulatory  vessels,  that 
may  be  associated  with  the  widest  variation  in  the  character  of 
the  shell.  Nevertheless,  there  are  cases  in  both  these  families, 
of  structural  differences  as  striking  as  the  other  facts  which 
have  led  to  this  division  of  our  shells  into  these  highly  charac- 
teristic geological  groups ;  and  to  these  evidences  I  shall  direct 
attention  in  a  future  article. 
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XIX. — Deaeription  of  a  New  Oenvs  of  (he  Order  Murypit- 
rida/rom  the  Utica  Slate;  by  C.  D.  Walcott. 

the  February  number  of  this  Journal,*  ffotice  was  given 
e  discovery  of  the  fragmentary  remains  of  a  large  Pcecilp- 
D  the  Utica  slate  and  its  identification  with  the  Eorypte- 
a  provisional  reference  bei  ng  made  to  the  genua  Euryplerus. 
view  of  this  and  the  genera  of  its  order  shows  that  none 
em  present  the  characters  seen  in  the  remarkable  cephalic 
idage  from  which  the  genus  now  proposed  derives  its  name. 

Eehinogtiathtu,  n.  g. 
dognathary  limbs  (one  or  more  pairs)  formed  of  eight  or 
joints,  six  of  which  carry  long,  backward  curving  spines 
ilated  to  their  posterior  side.  Terminal  joint  slender, 
;ate,  acuminate.  Surface  of  the  body  and  larger  joints  of 
ephalic  appendage  ornamented  with  scale-like  markings,  as 
3  genus  Pterygotus.  Type,  E.  Clevelandi. 
•logtutthua  Ckvelandi.  , 

Ettn/ptentt  Cteiitiartdi  Waloott.     This  Journal,  vol.  zxiii,  p.  151,  1882. 
te  only  portion   of  the  body  discovered  is  illustrated  by 
1.     It  appears  to  be  the  left  side  or  half  of  the  ventral 
ce  of  the  anterior  thoracic  segment     The  reference  to  the 
ral  surface  is  from  the  presence  of  a  thin   membranous 


Fig.  1. — Reduced  tti  T.lOtlis  the  natural  size. 
sDsion  of  the  anterior  margin,  a  feature  observed  on  the 
irior  segment  of  Dolichopierus  macrocheirus  Hall.f  The  test 
•ears  to  have  been  thin  and  firm,  and  the  margins  are  clearly 
lined  on  the  dark,  smooth  alate,  while  the  surface  is  oma- 
ioted  with  fine  scale-like  markings  on  the  anterior  portion 
itiaciease  in  size  toward  the  posterior  margin  (cc). 
*VoLuiu,p.  ISl,  ISB2.  fPoLNew  York,  Ui,  p.  414* 
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Figure  2,  is  a  sketch,  7-10th8  of  the  natural  size,  of  tbe 
cephalic  appendage  as  it  appears  on  the  surface  of  the  alite 
and  in  the  matrix.  The  entire  length  of  the  appendage  froin 
the  point  an  to  the  end  of  the  terminal  joint  7,  as  restored  to 
its  natural  position,  would  be  12'5™,  exclusive  of  the  ban] 
joint  at  a  a.  The  long  spines  of  the  joints  8  and  4  are  5"  in 
length. 


Pig.  2.— Reduced 
broken  a 


s  broad  and  short  with  a  rounded 

margin.     There   is  no  eri- 


The  joint  marked  (1) 
pression  at  the  center  of 

deuce  of  the  attachment  of  the  long  spines  thai  are  articulated 
the  posterior  side  of  the  succeeding  joints.  From  the  form 
the  joint  and  the  presence  of  broken  fragments  of  the  teat 
the  matrix  at  o  a  it  is  probable  that  it  is  tbe  second  joint  of  tl 
appendage  and  that  the  first  or  basal  joint  is  broken  up.  Th 
joint  (2)  is  large,  elongate,  rudely  subtri angular,  the  long  an) 
rior  margin  curving  around  to  meet  the  nearly  straight  posti 
rior  margin  at  its  inner  end.  The  latter  margin  has  nine  loo 
curved  spines  articulated  to  it  while  the  three  following  joitf 
(8,  4)  and  (6)  have  but  three  each  on  their  posterior  margin 
These  joints  (3,  4,  5),  are  more  or  leas  quadrangular  in  ouUiu 
(3)  and  (4)  benig  transverse  and  (5)  a  little  elongate.  Thespim 
of  (3)  and  (4)  are  the  longest  of  any  attached  to  the  appendag 
Beyond  (o)  traces  of  another  joint  are  shown  (6),  and  another 
indicated  by  the  position  o  the  three  curved  spines  beyon 
those  of  (6).  These  two  latter  joints  were  crushed  by  the  foi 
ing  back  of  the  long  terminal  joint  (7),  the  inner  end  of  which 
seen  beneaih  the  center  of  the  joint  (4),  This  joint  or  termio 
spine  is  slender,  slightly  curved  backward,  and  marked  \n 
slight  median  lidge  and  longitudinal  striw.     The  surface  of 
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oint  (1)  and  the  anterior  portions  of  (2)  and  (3)  show  the 
cale-like  markings  observed  on  the  fragment  of  the  thoracic 
iq^ent.  If  there  were  but  one  joint  beyond  the  transverse 
oint  (1),  i.  e.  the  basal,  the  entire  appendage  would  have  had 
line  joints,  if  our  interpretation  of  the  crushed  joints  is  correct 

The  long  curved  spines  (s,  5,  5),  are  a  very  curious  feature  of 
the  appendage  and  the  most  marked  character  of  the  genus  and 
ipecies.  They  are  articulated  to  the  posterior  margin  of  the 
joints,  as  the  latter  rest  flattened  out  in  the  slate  or  shale,  and 
there  is  no  evidence  but  that  they  formed  a  single  series,  as 
ihown  in  the  specimen  and  in  the  drawing,  fig.  2.  Each  spine 
is  constricted  a  little  near  its  base,  forming  a  rounded  end  or 
joint  of  articulation  ;  from  this  well  out  toward  their  pointed 
ermination  they  retain  an  average  width  curving  gently  back- 
rard  and  inward.  They  appear  to  have  been  flattened  when 
1  a  natural  condition,  and  formed  of  a  thin  test  which  is  rather 
TOngly  striated. 

It  is  difficult  to  understand  the  purpose  these  spines  served 
nless  they  are  considered  as  having  some  relation  to  the 
ranchial  system  of  the  animal.  That  they  were  used  in 
waring  food  or  carrying  it  to  the  mouth  is  not  apparent,  and 
0  other  use  than  the  above  is  suggested  from  a  study  of  the 
Kcimens  we  now  have. 

In  the  specimen  of  Dolichopterus  macrocheirus^  previously 
sferred  to,  a  few  short,  small  spines  are  seen  projecting  from 
le  posterior  margins  of  the  third,  fourth  and  fifth  joints  of  the 
lira  endognath.  That  they  may  represent  in  a  greatly  modi- 
ed  degree  the  spines  shown  in  ng.  2  is  not  improbable. 
Jurypierus  punctatus  (Salter)  Woodward,  as  restored  in  Wood- 
•ard  s  Monograph  of  the  Fossil  Merostomata,  p.  167,  has  a  pair 
riong  curvOT  spines  on  four  of  the  joints  of  tne  endognathary 
alpas,  but  they  are  represented  as  projecting  forward,  which 
068  not  appear  to  have  been  the  case  in  the  Utica  slate  species. 

The  character  of  the  endognathary  palpus  of  JS.  Clevelandi 
lay  indicate  the  approach  to  an  earlier  type  of  the  Eurypte- 
ida,  but  from  the  characters  shown  by  these  remains  and  the 
Id  that  its  size,  estimating  from  the  fragment  of  the  thorax, 
fas  not  less  than  45  or  50*^  in  length,  and  the  approximate 
Sdth  15°"  or  more,  it  is  evident  that  we  must  search  deep  in 
jbe  strata  of  the  Trenton  group,  or  even  lower,  for  the  first 
imnbers  of  the  order. 
'  As  far  as  known  to  us  the  Eurypterida  has  not  been  repre- 

Cted  hitherto  on  the  American  continent  below  the  Medina 
dstone  of  New  York,  and  no  described  species  is  known 
||dow  this  horizon  elsewhere.  M.  Barrande  mentions  the  dis- 
p?cry  of  a  fragment  of  the  test  of  a  Pterygotus  in  his  ^tage  D,  5, 

In.  Jour.  Soi.— Third  Sbribs,  Vol.  XXIII,  No.  135.— Mjlrgh,  1S8B. 
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Sit  the  close  of  the  second  fauna,*  which  would  place  it  a  little 
below  that  of  the  Medina  sandstone. 

The  specific  name  of  the  species  under  consideration  was 
given  in  honor  of  Rev.  Wm.  N.  Cleveland,  who  obtained  the 
specimens  described  in  the  Utica  slate  formation  north  of  the 
village  of  Holland  Patent,  Oneida  County,  N.  Y.  On  the  same 
pieces  of  slate  with  them  occur  two  characteristic  fossils  of  the 
formation,  Leptoholus  insignis  and  Triarthrus  Becki\  and  I  have 
also  obtained  from  the  same  locality  and  stratum  of  slate, 
Dendrograptus  tenxdramosu^^  Climacograptus  bicornts,  Schizocrania 
fihsa,  Endoceras  proteiforme^  etc. 

Several  collectors  have  been  and  are  now  working  in  the 
Utica  slate  both  in  New  York  State  and  Canada,  and  a  numbei 
of  undescribed  and  interesting  species  are  in  their  hands,  at 
also  several  described  from  the  Trenton  limestone  but  unknown 
from  the  slate  before.  It  is  largely  due  to  the  persistent  effortg 
of  Mr.  Chas.  H.  Haskell  that  the  many  localities  in  Oneida 
County,  N.  Y.,  have  been  discovered,  and  their  rich  fauna 
made  known  from  the  slate,  from  one  of  which  localities  the 
form  we  have  described  was  obtained. 


Art.  XX. — Notice  of  the  remarkable  Marine  Fauna  occupying 
the  outer  banks  off  the  Southern  coast  of  New  England^  No.  4;, 
by  A.  E.  Verrill.  (Brief  Contributions  to  Zoology  from 
the  Museum  of  Yale  College  :  No.  L.) 

Ec^HiNODERMATA  (cofitimied) , 

In  the  following  list  there  are  included  48  species.     Of  th( 
22  have  not,  hitherto,   occurred   elsewhere  on  our  coast; 
have  been  found  farther  north,  in  the  Gulf  of  Maine,  or  off 
coiist  of  Nova  Scotia,  and  may  be  considered  as  arctic  ;  at  1< 
22  are  European,  and  of  these  18  or  more  are  northern  Eqi 
pean;  at  least  14,  and  probably  more,  have  been  taken  in  d( 
water,  in  the  Gulf  of  Mexico,  or  off  Florida,  by  Pourtales  ai 
A.  Agassiz,  but  there  is,  as  yet,  no  general  lists  of  their  st 
fishes  and  ophiurans;  of  the  whole  number,  only  six  are, 
far  as  known,  peculiar  to  this  district,  and  probably  this  nui 
ber  will  soon  be  reduced.     Many  of  the  species  hsye  a  v( 
extensive  range,  on  both  sides  of  the  Atlantic,  and  also  a 
range  in  depth,  occurring  in  much  deeper  water  than  was  foui 
at  any  of  our  stations.     Species  dredged  only  in  less  than 
fathoms  are  not  included. 

In  the  list,  the  range  of  depth  given  applies  only  to 
special  region,  as  determined  by  the  stations  here  included. 

^Syst^me  Silurien  Centre  de  la  Boh^me.     I,  supl.  pp.  566,  657.     1872. 
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List  of  Echinodermata. 

ffohthurioidea. 

ONE  SCABRA  Verrill.     51-435  fathoms. 

ations  870.  871,  876.  877,  894:  919,  939,  943,  949,  1038:   1040,  1049. 

ooo&\  FERRUOINEA  V..  sp.  nov.     100-155  fathoms. 

870.  871.  873,  876,  877:  943,  949. 

PADIA  TURGIDA  Vemll.     120-182  fathome. 
876(1):   1026(2). 

Echinoidea. 

IZASTER  FRAOiLis  (DuboD  &  Koren)  L.  Agassiz.     64-258  fathoms. 

865,  869,  870,  871,  873,  874,  876,  ab.,  877,  ab. :  939-941,  943,  945,  950,  1025, 
1026.  1032,  ab.,  1035,  1036,  1038,  ab.,  1045. 

FASTER  CAKALIFBRUS  L.  Agassiz  (variety?).     65-130  fathoms. 

871,  873,  874,  876,  877  :  921-922  (9),  940,  941,  949. 

S0P8IS  LYRIFERA  (Forbes)  L.  Agassiz.     65-146  fathoms. 
870:  921,  1038.     Europe  and  W.  Indies. 
ANGUS  PURPUREU8  Leske.     130  fathoms. 
940  (1  large,  living).     Europe  and  W.  Indies. 

.N'OCTAMUS  PUSILLU8  (MuUer)  Gray.     146  fathoms. 
1038  (1).     Europe  and  W.  Indies. 

N'ARACHNics  PARMA  Gray.     10-219  fathoms. 
951,  985-989,  very  ab.,  1038,  many. 

UiOSOMA  SiosBEi  A.  Agassiz.     458  fathoms. 
1029  (1  living).     W.  Indies  (A.  Ag.) 

NTS  GRACius  A.  Agassiz.     86-146  fathoms. 

872  (2):  940  (7),  1038,  1039:  1046  off  Delaware  Bay,  3  large. 

NTS  Walusi  a.  Agassiz.     {=E,  Norvegicus  in  list  of  1880).     258-458  fath. 
893,  894:  939,  1028,  1029. 

(ECHINUS  MACULATUS  A.  Agassiz.     115  fathoms. 

871.     Gulf  of  Mexico  (A.  Ag.) 

)CIDARIS  PAPILLATA  A.  Agassiz  (variety).     104-146  fathoms. 

1038  (1):   1046  off  Delaware  Bay  (5). 

Asterioidea. 

5RUS  VULGARIS  (Stimpson)  Verrill.     Shore  to  208  fathoms  (?  368). 

869:  917-920?,  994(3),  1032  (1),    1035  (12),  1037  (12):  1046(1),  1047:  ab. 
lallower  water. 

tRiAS  TAxyERi  Verrill.     69-192  fathoms 

869-872:   922,  ab.,  923,  ab.,  940,  941,  ab.,  949,  950,  1035:   1047,  ab. 

HANA8TER1AS 'ALBULA  (Stimpson)  Verrill.     64-130  fathoms  (?  192). 

865-867,  ab.,  ?  869,  870-872:  921-923,  940,  949-950,  ab.,   1036,  ab.,  1036, 
ab.:  1043,  ab.,  1046,  1047. 

BELLA  SANGxnNOLENTA  (MuUer)  Liitken.     Shore  to  115  fathoms. 

865-867,  871,  872:  949— commoner  and  larger,  in  shallower  water,  nearer 
'   8.  928,  933,  934,  956,  957,  985-987,  1009,  1036. 
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DiPLOPTERASTER  MULTiPKS  (SaTs)  VeiTill.     130-212  fathoms. 

S.  869,  878,  895  :  924,  925,  938,  939  (13),  940  (10),  945  (1 1),  947,  951,  veryb!^ 
1025,  1026,  1032  (22),  1033,  1038:   1047. 

POBANIA  GRANDis  VerriU.     69-192  fathoms. 

S.  869,  872:  923,  940,  sev..  949,  950,  sev.,  1039:   1046  (9  j.) 

PORANIA  SPINUL08A  VeiriU.     192-368  fathoms. 

S.  869,  879,  894,  895:  925,  938,  939,  945,  946  (10),  961,  998,  994,  1026,  l«8l 

POBAKIA  B0REAL18  VenriU.     (=A8TERINA  BOREALis  V.).     192-225  fsthoms. 
S.  869,  879. 

Odont ASTER  HI8PIDU8  VerriU.     64-487  fathoms. 

S.  865,  868,  869,  ab.,  871-873,  878,  879,  892,  894.  895,  921.  922,  940,  ab.,  W( 
947,  949,  950,  ab.,  994:   1043,  ?  1049  (1  j.). 

Arguaster  Flor^  VerriU.     100-410  fathoms. 

&  869,  873,  879,  881,  895:  924,  925,  938-940,  943,  946,  946.  961,  997,ah.,10« 
ab.,  I02ii,  1028,  1032,  1033,  1038. 

Archaster  Americanus  VerrUl.     64-225  fathoms;  ab.  in  64-150. 

S.  865-868,  very  ab.,  871,  ab.,  873-876,  very  ab.,  877,  879:  918,  ab.,  920-8M 
very  ab.,  940-941,  very  ab.,  945,  949,  950,  very  ab.,  1025,  1036-1037,  very  A 
1038,  1040,  1043. 

Archaster  Aoassizii  VerriU.     182-487  tathoms. 

S.  879,  880,  881,  891-894,  895,  938,  939,  946,  947,  ab.,  952,  994,  ab.,  Wiiq 
ab.,  998,  1025-1026,  ab.,  1028,  1029:  1049. 

Archaster  Pareui  Dub.  &  Koren.    225-487  fathoms;  scarce. 
S.  879,  892-894:  938,  939,  947,  952,  1028,  1  j.,  1029:   1049  (6). 

Archaster  tenuispinus  Dub.  &  Koren.    368  fathoms.    S.  994  (1). 

Archaster  mirabii.is  (?)  Perrier.     310  fathoms. 
S.  938  (1).     Oiilf  of  Mexico  (A.  Ag.). 

Archaster  arcticds  M.  Sars.     183-310  fathoms. 

S.  925,  938,  939,  946  (2),  951  (3),  1028,  1032,  sev.,  1033. 

Archaster  Bairdh  VerriU,  sp.  nov.    388  fathoms.     S.  952  (6). 

LuiDiA  elegans  Perrier.     51-192  fathoms. 

S.  865-872.  many  large,  871(17),  873,  876,  877  :  019,  921-923,  ab.,  940-041,1^ 
949,  950,  1035,  1036,  1038,  1047. 

Ctenodiscus  crispatus  Diiben  «t  Koren.     182-310  fathoms. 
S.  879:  938,  939  (5),  1025,  sev.,  102G,  1032. 

Ophiuroidta. 

Opiiioqlypha  Sarsii  Lyinan.     30-368  fathoms  (?  458). 

S.  865-871,  ab.,  873,  ab.,  877.  ab.,  879.  895  :  917,  918,  very  ab.,  919,  924,«b. 
925,  940,  943.  989-994,  991.  ab.,  1025,  ab.,  102G,  very  ab.  1.,  ?  1029,  .1032.  1«! 
ab.  1.,  1035,  1038:   1047. 

Ophioglypiia  sionata  VerriU.     100-258  fatlioms. 
S.  869,  870  (10),  873,  (24),  875,  877,  S78:   039,  1038. 

Ophioglypua  (Ophiopleura)  Ai'RAXTiACA  VerriU,  sp.  nov.     82-310  falhoma 
S.  869  (2),  872,  880  (2),  895  (4):  938,  930,  046  (6),  951. 

OphioglYpha  con'PRaoosa  Lyman.     238-506  fathoms. 
S.  895  (1):  937  (1),  938  (2,  large),  1028  (13),  1029. 
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>MnBiUM  Ltmani  W.  Thomson.     238-500  fathoms. 
8.891  (II  j.),  892  (6),  895  (1),  994  (2). 

lCAl^r^A  BiDBNTATA  Lyman=0.  spinulosa  M.  &  Tt.     1 92-202  fathoms. 
a8e9:  945. 

LCASTHA  MILLBSPINA  yenill.     100-258  fathoms. 

a  869,  ab.,  870,  871,  873,  895:  924,  925,  ab.,  938,  939-940,  ab.,  945,  951,  1026, 
^1032-1033,  ab.,  1034,  1035,  1038,  ab..  1039. 

>PH0L18  ACULEATA  Gray.     Shore  to  258  fathoms. 

a  865,  869,  871,  872,  879,  895:    920,    922,  924,  925,  939,  940,  943,  945-947, 
P,951.  986,  989,  1025,  1032,  ab.,  1033,  1035,   1036,  1038,  very  ab.,  1039,  ab. : 


lU&A  OmsBi  (?)  LjuDgmann.     192-500  fathoms. 
&  869,  880,  891,  895:  997,  998,  999. 

ELEOANS  Norman,  var.  tbnuisfina  Ljung.     1 20-487  fathoms, 
a  869,  871,  876.  892,  894,  895:   1038. 

MAOILBKTA  VeiTill,  sp.  nov.     (?=a.  Abdita,  young).     51-115  fathoms. 
8.  866,  871  :  919,  920,  very  ab.,  921,  941. 

>A  OUYACEA  Lyman.     64-142  fathoms. 
a  865,  869.  871,  ab.,  872,  873-877,  ab.,  878:  921,  940,  941,  949,  ab.,  1040,  ab. 

I08C0LEZ  GLACIALIS  Muller  &  Troschel.     115-238  fathoms. 

&  869,  ab.,  870,  871,  879,  895 :  924,  925,  939,  940,  945,  ab.,  946,  951,  1025,  ab. 
(•26,  1032,  1033. 

miSLE  Lthani  Verrill.     258-458  fathoms. 
S.  938,  939,  1028,  ab.,  1029,  ab. 

Orinoidea. 

iS  DENTATUM  (Say)  V.=Antkdon  Sabsii  (I).  *  K.).     85-258  fathoms. 

8.  869-871,  873-876,  878-880,  895:  925,  939,  ab.,  040,  943-946,  949, 1025-1027, 
^2,  1033,  ab.,  1036,  1038,  very  ab. :   1043,  1047. 

The  following  species  were  taken  by  Lieut.  Z.  li.  Tanner,  in 
>,  oflF  Chesapeake  Bay : 

rOHB  SCABBA  Y.     S.  898. 
F&A0IU8  Ag. 
Tanheri  V.     56  fath.     S.  896. 

Bbiareub  v.,  sp.  nov.     31  to  57  fath.     S.  «J)9  ;   000. 
TASTEBIAS  COMPTA  V.      31  fath.      S.  900. 

PESA8TEB  M17LTIPBS  V.     Two  large  specmiens. 
\AJL  SANOUiNDLBirrA  Lutk.    31  fath.    S.  900. 
i  mSPlDUS  V.     57  fath.     S.  899. 
AmbmcanUS  v.     56  to  57  fath.     S.  890,  ab.;    899. 
[A8TEB  AOAfifflzn  V.     300  fath.     S.  898,  ab. 

lOUB  ACULEATA  Gray.     31  to  57  fath.     S.  899;   900. 
FBA  OttbbI  (?)  Lj.     300  fath.     S.  898. 
}V  DBHTATUM  (Say)  V.     157  fath.     S.  897,  ab. 

Toxodora  V.,  gen.  nov. 
Allied     to  Chirodoia,      Tentacles    twelve,    digitate.      Skin 
In,  with  scattered,  slender,  bow-sb^ped  plates. 


^\' 
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>\\s'yk*r\t  ferruglnea  V.,  sp.  no  v. 

IhhIy  cylindrical,  elongated,  very  contractile,  liable  to  rup- 
v\nv.  Skin  somewhat  translucent,  filled  with  minute,  reddish 
lnvwn  pigment-cells,  and  having  numerous,  minute,  slender 
plates,  in  the  shape  of  a  bow,  or  a  parenthesis,  with  the  ends  in- 
curved. Tentacles  stout,  with  numerous  digitations.  Lengtk, 
50°*"  or  more ;  diameter,  8  to  10' 


kmm 


Asterias  Briareus  V.,  sp.  nov. 

Arms  variable  in  number;  10  in  the  largest  example;  long, 
slender;  disk  small.  Eadii  as  1  :  9'5;  lesser  radius,  8": 
greater,  76"".  The  rays  have  a  strong  dorsal  ridge,  and  one 
lateral  and  a  ventral  one.  on  each  side.  Slender,  transverse 
plates  connect  the  dorsal  and  lateral  ridges,  leaving  large 
spaces,  in  which  are  numerous  papulae,  grouped  in  several 
clusters.  Along  the  five  ridges  are  long,  slender,  acute,  rather 
distant  spines;  a  few  also  stand  on  the  cross  plates;  these 
spines  are  all  similar  and  bear  large,  dense  wreaths  of  small 
pedicellariae  near  the  base.  Solitary  pedicellariae  of  large  size 
and  remarkable  form  are  scattered  between  the  spines,  above 
and  below  ;  these  are  spatulate  or  hand-shaped,  toe  wide  ti|K 
terminating  in  five  or  six  incurved  claws,  which  interlock 
when  the  pedicellarite  are  closed.  Adambulacral  spines  slen- 
der, two  to  each  plate,  close  to  the  ventral  spines,  with  no  in- 
tervening spines  nor  papulae. 

Ophwglypha  Sarsii  (Lntk.)  Lyman. 

Two  varieties  of  this  species  occur,  which  differ  widely.  The 
larger  and  smoother  form,  without  prominent  disk-scales,  is 
found  exclusively  in  the  deeper  waters,  while  the  form  with 
prominent,  swollen  disk-scales  is  abundant  in  the  shallower 
localities  (40  to  60  fathoms),  though  often  found,  also,  at 
greater  depths ;  the  latter  is  the  form  that  occurs  abundantly 
in  the  Bay  of  Fundy  and  off  Nova  Scotia,  where  it  grows  toa 
large  size,  without  changing  its  character.  The  two  forms  also 
differ  in  other  ways. 

I  have  seen  a  few  four-armed  specimens.  Peculiar  color- 
varieties  are  common. 

Ophioghjpha  sUjmita  Verrill,  sp.  nov. 

<yp}do(jlypha  affinis  Verrill,  in  former  papers  {non  Liitken). 

Disk  varied  in  color,  rounded-pentagonal,  flattened  above, or 
even  concave  when  dried ;  covered  with  scales  which  form  a 
distinct  rosette;  the  dorsal  surface  is  separated  from  the  ventral 
by  a  marginal  ridge,  which  becomes  well-marked  in  dry  sjxjcv 
mens  ;  notches,  at  the  bases  of  the  arms,  slight,  with  an  irregular 
and  interrupted  series  of  minute  spinules:  usually  a  short  row 
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£  small,  slender  spinules  on  each  side  of  the  notch,  and  a  small, 
rregular,  isolated  group  in  the  middle,  sometimes  nearly  obso- 
ete,  or  represented  by  only  one  or  two  small  spinules,  in  the 
arger  specimens;  just  below  these  there  is  a  similar  small 
jroup  on  the  middle  of  the  first  visible  arm-plate;  the  second 
arm-plate  sometimes  bears,  also,  two  or  more  small  spinules, 
but  these  never  form  a  regular  row.     Disk-scales,  when  living, 
obscured  more  or  less  by  a  thin  skin ;  the  central  scale  and 
two  alternating  circles  of  five  each,  surrounding  it,  at  a  little 
distance,  are  round,  darker  colored  and  distinctly  larger  than 
those  that  intervene,  which  are  small,  but  distinct,  and  often 
form  rather   regular  circles  around  the  larger  scales;  in   the 
interbrachial  spaces,  near  the  edge,  there  are  also  larger  scales : 
radial  shields,  irregular,  long-triangular,  their  edges  more  or 
less  covered  by  small  scales,  and  separated  by  a  rather  wide 
wedge  of  small  scales,  in  several  rows.    Oral  plates,  short  shield- 
shaped,  the  breadth   and   length  about  equal;  the  outer  and 
lateral  edges  form  a  regular  curve,  the  inner  edges  make  an 
obtuse  angle.     Mouth -papillae,  four  on  each  side  of  each  mouth - 
angle;  the  outer  one  is  flat  and  broad,  the  others  are  slender, 
acute;  the  median  papilla  is  larger,  acute.     The  inner  tentacle- 
pore  is  small  and  usually  has  a  single  small  scale  on  each  side ; 
the  others  have  one  small  scale.     The  arms  are  not  very  long, 
tapering  to  rather  slender  tips,  with  a  median  ridge.     Ventral 
arm-plates  widely  separated,  crescent-shaped,  wider  than  long, 
those  near  the  base  with  a  proximal  angle.     Upper  arm-plates 
raised  into  a  distinct  median  ridge,  with  a  slightly  prominent 
outer  angle;  those  near  the  base  are  much  shorter  than  broad, 
distally  they  become  much  longer  than   broad.     Arm-spines 
three,  rather  slender  and  acute,  the  upper  one  is  decidedly 
longer  and  larger  than  the  next,  its  length  equalling  two  arm- 
plates  ;  the  lowest  is  much  the  smallest.     The  genital  slits  have 
a  row  of  very  minute  spinules  along  the  upper  half.     The  color 
^8  variable ;  the  disk  is  usually  prettily  marked  by  a  rosette  of 
brown  or  dark  gray  spots  on  a  paler  ground,  or  the  darker  tint 
^ay  take  a  star-shaped  form,  with  five  or  with  ten  rays,  with 
^he  radial  shields  usually  pale ;  or  there  may  be  a  combination 
of  the  rosette  and  star ;  rarely  the  disk  is  nearly  uniform  pale 
gray,  like  the  upper  side  of  the  arms.     The  larger  specimens 
have  the  disk  10™°^  in  diameter ;  length  of  the  arms,  about  45™ 
This  species  is  rather  common  in  this  region,  in  deep  water; 
we  have  also  frequently  dredged  it  farther  north,  in  the  Gulf  of 
Ifaine;  Bay  of  Fundy  ;  and  off  Nova  Scotia. 
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AnWifon  dentatum  Verrill. 

Atrctrxi  d^iata  Say,  Joufd.  Acad.  Nat.  Science  Philadelphia,  ▼,  p.  153,  1835. 
AHtrxion  dtntata  Verrill,  Proc.  Boatoii  Soc.  Nat.  Hist,  x,  p.  339.  1866. 
,4/rt/i>  .^ir«V  Duben and  Korcn,  Sv.  Vet.-Akad.  llandl..  1844,  p.  231,  pi.  6,  fig.  J 
AnUfilon  Sarsii  Verrill,  Amer.  Joum.  Sci.,  vii,  p.  500,  1874. 

This  species  was  originally  described  by  Say,  from  a  speci- 
inen  found  at  Great  Egg  Harbor,  N.  J.  His  description  agrees 
in  all  respects  so  well  with  our  smaller  specimens,  that  there  can 
be  little  doubt  of  its  identity.  Moreover,  this  form  occurs  in 
abundance  off  New  Jersey,  at  moderate  depths,  but  no  other 
species  has  been  taken  there,  unless  in  very  deep  water. 

In  addition  to  the  numerous  specimens  from  off  Martha's 
Vineyard,  we  have  it  from  Cashe's  Ledge,  off  the  coast  of 
Maine,  and  from  various  localities  off  Nova  Scotia,  on  the 
tishing  grounds.     Mr.  A.  Agassiz,  also,  took  it,  off  our  coast 

Anthozoa. 

Of  Anthozoa,  upwards  of  thirty  species  were  obtainei 
Among  these  are  seven  species  of  Pennatulacea  and  four  of 
stony  corals.  A  list  of  the  species  is  deferred  to  the  next  num- 
ber. Several  very  hirge  and  conspicuous  species  of  sea-anem- 
ones or  actiniie  occurred,  some  of  them  in  great  abundance: 
The  following  are  among  the  more  remarkable  species,  and 
appear  to  be  undescribed  : 

Urtlclna  longicornis  V.,  sp.  no  v. 

A  large  and  very  handsome  species,  remarkable  for  its  [larcb- 
ment-Iike  skin  and  long,  tapering,  pink  tentacles.  It  contracts 
energetically  and  quickly.  Column  more  or  less  cylindrical, 
or  hour-glass  shaped,  usually  higher  than  broad,  very  con- 
tnictilc,  capable  of  involving  the  upper  portion,  which  is,  for 
about  an  inch  below  the  edge  (in  large  examples),  softer, 
jiihricous,  longitudinally  ridged,  and  brighter  colored  than  tli® 
rest ;  below  this  the  integument  is  firm,  parchment-like,  covered 
with  .small  verruca*,  arranged  in  vertical  lines,  often  fading  oat- 
below,  to  uiere  wrinkles:  the  verrucas  are  mostlv  due  to  th^ 
rising  of  the  surface  between  longitudinal  and  transversa 
wrinkles.  Disk  large,  in  expansion  broader  than  the  column- 
iisutilly  concave.  Tentacles  not  very  numerous,  large  andverV 
long,  regularly  tapered  to  slender,  acute  lips;  they  seem  tob<s 
arranged  alternately  in  two  or  three  circles,  concentrated  to- 
ward the  margin;  the  inner  row  contains  only  twelve,  which 
stand  well  apart,  and  are  larger  than  the  rest.  Mouth  large, 
with  eight  large  lobes  on  each  side  (or  four  bilobed  ones); 
gonidial  grooves  large.  Color  of  column,  pearly  white  or  rosy 
white,  excei)t  the  upper,  softer  portion,  which  is  usually  deep 

nge-red,  or  chocolate-brown,  with  paler  stripes;  disk  rosy 
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or  pale  pink,  with  narrow,  deeper  pink  or  purplish  radii, 

I  extend  around  and  between  the  bases  of  the  tentacles,  but 
ly  do  not  reach  the  mouth ;  lips  reddish  or  orange-brown, 
d  with  darker;  tentacles  usually  light  roae-red,  or  pink, 
ucent,  often  with  brighter  red  on  the  inner  surface  and  at 
ad  frequently  with  an  ill-defined  ring  of  white  at  the  base, 
rhite  at  tips,  outside.  The  larger  specimens  are  4  to  6 
5  high  ;  diameter  of  column  2*5  to  3  inches;  across  tenta- 

to  6  inches;  length  of  inner  tentacles  2  to  2*5  long;  "12 
:  in  diameter  at  base. 

ken  in  small  numbers,  and  only  in  this  region ;  120-325 
ms.  It  is  a  very  elegant  and  showy  species,  and  lives  well 
aaria. 

ina  perdix  Verrill,  sp.  nov. 

ll-grown  specimens  are  very  large,  often  8  to  12  inches  in 
Jter,  in  expansion.  Form  very  changeable.  Column 
ng  from  low  and  broad  to  cylindrical  and  hour-glass  shape, 
higher  than  broad ;  integument  soft  and  smooth,  but  in 

II  contraction  sometimes  covered,  near  the  summit,  with 
.  ovate  verruca).     Disk,  in  expansion,  usually  broader 

the  column,  often  with  the  edge  broadly  undulated  or 
1.  Tentacles  translucent,  rather  long,  and  very  numerous, 
ng  five  or  six  circles,  the  inner  ones  long  (1  inch  or  more), 
3d,  obtuse,  and  placed  about  half  way  between  mouth  and 
in,  the  outer  ones  smaller  and  crowded.  Mouth  with  large 
ial  grooves  and  strong  lateral  lobes.  Color:  column 
usly  mottled  and  reticulated  with  soft,  yellowish  brown, 
ng  from  a  pale  tint  to  deep  orange-brown  ;  the  ground-color 
le  buiF  and  the  two  colors  alternate  in  transverse  bands, 
arker  bands  usually  wider,  below,  and  often  zigzag,  or 
broken  up  into  squarish  patches,  while  brown  lines  often 

the  pale  bands,  giving  an  irregularly  checkered  pattern. 

5  bands  and  spots  are  usually  finer  and  more  crowded 
);  disk  usually  pale  yellowish  olive,  sometimes  purplish, 
brownish  near  the  mouth,  with  faint  alternating  radii  of 
jr  and  darker  tints;  lips  chocolate-brown,  or  red-brown; 
iles  similar  to  disk,  but  paler,  with  two  or  three  broad  and 
fined  bands  of  brownish  or  purplish,  one  near  the  tip,  faint, 
asal  one  broader  on  the  sides. 

linary  specimens  are  4  to  6  inches  across  the  tentacles, 
pansion,  with  the  column  3  inches- in  diameter  and  about 
ame  in  height.  This  is  a  very  handsome  species  and 
js  well  in  aquaria.  Several  were  kept  by  us  all  summer, 
es  not  appear  to  extend  to  very  great  depths;  61-115 

318. 
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Urticina  caUoaa  V.,  sp.  no  v. 

A  very  large  species,  with  a  very  thick,  firm,  leathery  integu 
merit,  covered,  especially  on  the  upper  half,  with  irregular 
often  angular,  large  low  verrucae  or  ridges,  which  fade  out  ioK 
irregular  wrinkles  below ;  the  verrucse  extend  to  the  unevei 
edge  of  the  disk,  at  the  base  of  the  tentacles,  without  any  changi 
in  the  character  of  the  integument,  which  has  a  rather  smooth 
lubricous  surface.  Large  specimens  seldom  retract  the  disl 
and  tentacles  completely,  apparently  owing  to  the  firmness  anc 
leather-like  stiffness  of  the  walls  of  the  body,  but  smaller  one: 
contract  more  readily,  and  have  a  much  smoother  surface.  Th( 
column  is  usually,  in  expansion,  higher  than  broad,  cylindrical 
more  frequently  smallest  at  base  or,  hour-glass  shaped,  bu 
when  handled  becomes  more  or  less  flattened  longitudinally,  oj 
collapsed.  Tentacles  rather  short,  stout,  obtuse,  numerous 
covering  much  of  the  disk,  usually  extending  more  than  hal 
way  to  the  mouth,  changeable  in  form,  but  not  very  coiitrac 
tile,  often  longitudinally  striated  or  wrinkled.  Disk  large. 
usually  much  broiader  than  the  column,  and  commonly  concave. 
Mouth  large,  with  large,  whitish  gonidial  grooves;  side  lobei 
large,  unequal,  salmon-brown.  Base  broad,  generally  deeply 
concave,  commonly  enclosing  firmly  a  large  mass  of  mud,  etc.; 
the  base  is  capable  of  secreting  a  thin,  chitinous  pellicle. 

Color,  generally  salmon  or  orange;  column  almost  always 
pale  salmon  or  buff,  varying  to  deep  salmon  ;  disk  most  oliei 
deep  salmon,  with  paler  radii ;  lips  darker  salmon  or  orange 
brown  ;  tentacles  usually  plain  deep  salmon  or  orange-brown 
with  paler  stria3.  Height  often  4  to  7  inches ;  breadth  acras; 
expanded  disk  6  to  10  inches;  length  of  largest  tentacle8  1  u 
1*25  inch;  their  diameter  '25  of  an  inch. 

Very  common  in  deep  water  in  this  region  ;  120-385  fathoms 
Also  northward,  in  the  Gulf  of  Maine,  and  off  Nova  Scotia. 

This  large  species  is  liable  to  be  confounded  with  U.  nodoM 
(Fabr.  sp.),  which  is  almost  universally  associated  with  it,  ha 
similar  habits,  and  grows  nearly  as  large.  The  latter  can  bes 
be  distinguished  by  having  the  retractile  upper  part  of  th 
column,  for  a  short  distance  below  the  margin,  smooth,  soft 
longitudinally  ribbed  and  grooved,  and  covered  witii  niucu; 
and  highly  phosphorescent,  like  the  tentacles,  while  the  resti 
the  column  is  firmer,  coriaceou.s  not  lubricous,  and  covcre 
with  irregularly  scattered,  prominent,  often  very  large,  rounde 
tubercles,  disappearing  below  :  there  is  usually  a  closely  adbei 
ent,  dirty  coating  over  most  of  the  surface:  the  color  of  ii 
column  is  usually  dirty  whitish,  or  pale  dull  red,  becoinin 
brighter  pink,  or  even  chocolate- brown,  on  the  smooth,  uppe 
part  of  the  column  ;  the  tenUicles  are  longer  and  more  taperec 
and,  like  the  column,  are  much  more  retractile. 
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Vrticina  can«ors  V.,  sp.  no  v. 

A  delicately  colored  species,  with  a  soft,  smooth  iuteguraent. 
Column  elongated,  in  expansion ;  above,  occasionally  showing 
a  few  warts  and  longitudinal  plications;  margin  simple.  Ten- 
tacles numerous,  in  about  four  circles,  crowded  toward  the 
margin;  they  are  rather  short  and  stout,  tapered,  acute,  the 
outer  ones  much  smaller.  Mouth  with  strong,  whitish,  goni- 
dial  grooves  at  both  ends,  and  about  ten  lobes  on  each  side, 
separated  by  darker  grooves.  Color  of  body  nearly  uniform 
salmon,  or  rosy ;  tentacles  a  paler  shade  of  the  same,  the  outer 
ones  with  a  flake-white  blotch  at  the  base,  outside ;  disk  pale 
salmon,  with  a  pale  bluish  tint,  and  with  flake-white  radii, 
forking  at  the  tentacles;  mouth  bright  orange  inside,  with  lines 
of  reddish  brown  on  the  lips.  Height,  about  2  inches;  diam- 
eter, 1-5. 

All  the  specimens  obtained  were  on  the  backs  of  a  brilliantly 
colored  species  of  hermit-crab  {Parapagurus,  sp.  nov.),  remark- 
able for  large  bright  red  patches  on  its  legs;  160-458  fathoms. 
This  species  may  not  be  a  true  Urticina,  It  resembles  certain 
species  of  Sagartia^  but  no  acontia  were  observed. 

Actinenixts  saginaius  Verrill,  sp.  nov. 

A  large  species,  with  a  broad,  low  column,  having  a  pale, 
translucent,  thick,  soft,  cartilaginous,  or  gelatinous  test.  The 
column  is  broader  than  high,  largest  above,  smooth,  or  more  or 
less  wrinkled.  Tentacles  not  crowded,  in  two  rows,  close  to 
the  margin,  long,  tapering,  rather  ^lender,  acute,  decidedly 
thickened  at  the  base;  the  outer  ones  have  the  thickened, 
outer,  basal  swelling  continuous  with  the  edge  of  the  disk. 
Base  much  smaller  than  the  column,  concave,  secreting  a 
chitinous  pellicle  and  enclosing  a  mass  of  mud,  as  in  U,  callosa. 
Color  of  coliwnn,  pallid,  or  bluish  white,  with  a  tinge  of  pink; 
disk  deep  orange,  with  paler  radii;  lips  deep  orange-brown; 
tentacles  orange-brown.  Diameter  of  disk,  in  expansion,  about 
5 inches;  of  base,  about  2  ;  length  of  tentacles,  1*5  to  2  inches. 
The  tentacles  are  contractile.  Only  one  specimen  was  taken. 
Station  1029,  in  458  fathoms. 

Adamsia  aociabilis  V.,  sp.  nov. 

A  small,  conspicuously  colored,  abundant  species,  which  is 
always  found  on  the  back  of  a  small  hermit-crab  {Hemijmgurus 
iocialis  Smith).  Color:  column  translucent,  usually  conspicu- 
ously striped  with  alternate  pink  and  flake-white  longitudinal 
bands,  the  latter  narrowing  upward  ;  tentacles  pinkish  ;  mouth 
with  pink  lips,  crossed  by  darker  lines,  between  the  small 
lobes.  Height,  in  expansion,  about  '5  of  an  inch  (10  to  14™™). 
Common  in  86-300  fathoms. 
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Art.  XXI.-—  A   New  Form  of  Beversible  Stereoscope ;  bj 

W.  LeConte  Stevens. 

With  a  view  to  removing  for  others  the  difficulty  impliec 
in  the  binocular  experiments  on  which  I  based  the  conclusions 
exDressed  in  my  recent  papers,  published  in  the  Novembei 
ana  December  numbers  of  this  Journal,  I  have  devised  the 
following  form  of  stereoscope,  which  has  been  found  quite 
satisfactory.  Persons  possessing  no  previous  muscular  train- 
ing  of  the  eyes  have  been  able  with  it  to  secure  reversion  of 
relief  in  the  combined  picture  as  easily  as  they  had  obtained 
natural  perspective  while  using  it  as  an  ordinary  stereoscope. 
Some  of  my  experiments  involved  extreme  muscular  tension; 
these  required  the  use  of  the  unaided  eyes,  but  a  large  propor- 
tion of  the  rest  can  be  performed  by  the  aid  of  this  instrument 
without  special  discomfort.  It  has  been  constructed  for  me  bv 
Messrs.  E.  &  H.  T.  Anthony  &  Co.,  of  this  city. 

The  semi -lenses  (6g.  1,  /,  V),  rest  in  a  pair  of  boxes,  will 
windows  in  front  and  behind,  to  transmit  the  light.  Thest 
boxes  are  separated  by  a  thin  partition,  on  each  side  of  whicl 
is  a  spring  against  which  the  thin  edge  of  the  semi-lens  ii 
pressea  by  the  adjusting  screw  {s)  at  the  base.  In  front  is  ; 
pair  of  brass  hinges  {cc)\  when  pressed  flat  as  in  fig.  1,  eacl 
half  of  the  stereograph  is  hidden  from  the  eye  on  the  otiiei 
side;  when  folded,  as  in  fig.  2,  the  whole  stereograph  is  made 
visible  to  each  eye.  Attached  to  a  sliding  cross-bar  is  a 
wooden  screen  (6,6),  moving  on  hinges;  when  this  is  pressed 
down  flat,  as  in  fig.  1,  the  view  of  the  stereograph  is  unoh- 
siructed;  when  lifted  up,  as  in  fig.  2,  the  window  at  the  mid- 
dle permits  the  left  half  of  the  stereograph  to  be  seen  by  the 
right  eye,  while  the  right  half  is  obscured ;  and  vice  versa  for 
the  left  eye.  From  the  top  of  this  window  is  a  small  projec- 
tion {d).  The  stereograph  rests  upon  its  movable  cross-bar  («) 
which  slides  upon  a  longitudinal  strip  about  80*^  in  length. 

The  semi-lenses  are  easily  removable  at  will,  and  a  ])airof 
prisms  (;>/>)  the  refracting  angle  of  which  is  12°,  can  be  substi- 
tuted, but  with  their  bases  pressing  against  the  springs  instead 
of  the  screws. 

To  secure  natural  perspective  through  the  semi  lenses,  press 
the  brass  and  wooden  screens  flat  (fig.  1)  and  use  the  instru- 
ment as  an  ordinary  stereoscope.  Assuming  the  stereographic 
interval  to  be  average,  and  the  distance  between  the  observer's 
eyes  to  be  not  greater  than  usual,  comfortable  vision  will  be 
secured  by  turning  the  adjusting  screws  until  the  semi-lenses 
are  pressed  as  near  as  possible  together.  The  light  which 
enters  the  pupils  then  passes  through  the  thicker  part  of  each 
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-lens,  and  the  optic  angle  is  positive  and  small,  or  the  vis- 
ines  may  be  sensibly  parallel.  K  the  observer's  interoou- 
listance  is  much  greater  than  usual,  the  rays  of  light  which 
eceives  will  be  transmitted  still  nearer  the  base  of  thesemi- 
.  and  slight  optic  divergence  is  necessary.  This  is  avoided 
jiving  a  few  leftward  turns  to  the  screw,  permitting  the 
i-lenses  to  be  pressed  a  little  farther  apart  by  the  opposing 
ngs.  The  same  can  be  done  to  secure  comfortable  vision 
m  the  stereographic  interval  is  great ;  pictures  10^  apart 
thus  be  viewed  without  discomfort,  and  without  any  very 
jctionable  degree  of  coloration  in  consequence  of  want  of 


1. 


2. 


bi: 


— rti. 


■cva- 


romatism  in  the  semi-lenses.  By  now  turning  the  screws  so 
0  press  the  glasses  closer  together,  any  degree  of  optic  di- 
[ence  may  be  attained  that  the  observer  is  willing  to  endure, 
le  the  picture  is  still  seen  in  natural  perspective,  distances 
g  apparently  slightly  magnified,  and  diameters  also  in  the 
e  ratio. 

0  secure  reversed  perspective,  lift  up  the  wooden  screen, 
the   brass   hinges   outward  in  front,  and  substitute  the 
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prisms  for  the  semi-lenses^  as  in  fig  2.  Slide  the  stereograp 
nearly  to  the  end  of  the  stereoscope.  Physiological  perspectiv 
is  at  once  reversed ;  whether  this  is  enough  to  overpower  th- 
other  elements  of  perspective  must  depend  upon  the  nature  o 
the  picture.  If  the  stereograph  be  that  of  the  moon,  tlu 
reversion  is  complete ;  if  of  terrestrial  scenery,  some  objects  ma\ 
be  apparently  transposed  in  position  while  others  are  not.  Th( 
same  picture  may  be  examined  successively  with  each  illusive 
effect  several  times  in  as  many  minutes.  As  soon  as  reversion 
is  attained,  the  stereograph  may  be  drawn  up  as  close  as  may 
be  convenient. 

If  both  semi-lenses  and  prisms  are  discarded,  the  instrument 
becomes  a  direct-vision  stereoscope;  in  some  respects  similar 
to  that  described  by  Professor  William  B.  Rogers  in  1855.  To 
secure  natural  perspective,  press  the  screens  flat,  pull  the  stereo- 
graph up  as  close  as  possible,  and  gaze  as  if  through  it  at  a 
remote  object,  with  the  muscles  of  the  eyes  relaxed.  The  two 
pictures,  imperfectly  focalized,  are  dimly  seen  apparently  lo 
overlap.  The  stereograph  is  then  pushed  out  to  the  end  of  the 
stereoscope,  and  the  pictures  are  binocularly  combined  by  optic 
divergence.  The  stereograph  may  now  be  pulled  up  as  near  as 
convenient. 

To  secure  reversion  of  perspective  by  direct  vision,  fold  the 
brass  hinges  and  lift  the  wooden  screen,  as  in  fig.  2.  Push  thi«j 
out  {b'V)  as  near  as  possible  to  the  stereograph  at  the  end  of 
the  instrument,  then  pull  it  up,  keeping  the  gaze  fixed  upon 
the  projection  {d')  at  the  top.  This  grows  dim  as  it  approaches 
its  previous  position.  Without  changing  the  direction  of  the 
visual  lines,  except  slightly  to  lower  them,  transfer  the  atten- 
tion to  the  stereograph  beyond.  The  combined  picture  is  seen 
in  reverse  perspective,  apparently  much  smaller  and  nearer 
than  when  the  prisms  were  employed. 

Those  who  have  tried  this  instrument  thus  far  have  usually 
succeeded  at  the  first  attempt,  for  cither  natural  or  reverse  per- 
spective, when  the  glasses  were  used.  Several  trials  are  often 
necessary  before  success  is  attained  by  direct  vision,  but  the 
variation  in  perspective  thus  attained  is  much  more  striking. 
But  little  experiment  is  needed  to  prove  to  any  one  who  is  thus 
successful  that  in  the  localization  of  objects  in  the  binocular 
field  of  view  presented  by  the  stereograph,  the  current  theory 
of  successive  triangulation  by  intersection  of  visual  lines  is 
inapplicable.  The  only  substitute  that  covers  the  facts  which 
the  geometric  theory  fails  to  account  for,  is  that  of  associated 
muscular  action,  which  applies  to  divergence  as  well  as  con- 
vergence of  visual  lines. 

The  use  of  adjusting  screws  for  the  semi-lenses  of  the  stereo- 
scope is,  of  course,  not  a  novelty.     They  were  thus  applied  by 
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)uboscq,  about  1850,  to  one  of  Brewster's  stereoscopes  and  also 
lubsequently  by  Helmholtz.  A  similar  application  is  espe- 
lially  described  by  Professor  Emerson  in  tnis  Journal,  Nov., 
1861,  and  Emerson's  stereoscope  was  for  a  number  of  years 
made  by  Messrs.  Anthony  &  Co.  of  New  York.  It  would 
indeed  be  difficult  to  evolve  any  wholly  new  principle  in  the 
construction  dt  stereoscopes.  The  present  instrument  was  de- 
vised for  a  specific  purpose,  which  it  accomplishes  successfully. 

40  West  40th  St.,  New  York,  Jan.  2l8t,  1882. 


Abt.  XXII.  —  Chi  Uie  Magnetic  Properties  of  a  Specimen  of 
Nickeliferous  Iron  from  SL  Catarma,  Brazil^  as  first  pointed 
out  by  Lawrence  Smiihf  by  Henri  Becquerel;*  with  a  note 
hy  J.  Lawrence  Smith. 


Mr.  Lawrence  Smith  has  recently  discovered  in  a  native 
iron,  found  in  1875  in  the  province  of  St.  Catarina  of  Brazil,  a 
singular  physical  property,  viz:  that  in  its  natural  condition 
it  is  very  feebly  attracted  by  the  magnet,  but  if  a  fragment  is 
heated  to  redness  and  subsequently  cooled,  there  is  manifested 
a  magnetic  property  with  the  usual  intensity  of  iron.f 

The  specimen  which  I  have  had  occasion  to  study  was  fur- 
nished me  from  the  collection  at  the  Garden  of  Plants.  A 
small  bar  was  prepared,  weighing  2'731  grams,  and  18'5™° 
long,  6-2"^  broad,  and  3'8°^  thick.  This  bar  was  compared 
with  a  small  bar  of  Swedish  iron,  of  the  same  length  and 
width,  with  about  the  same  dimensions.  The  experiments 
made  were  by  means  of  the  electro-magnetic  balance  described 
in  a  preceding  memoir.:|:     The  following  results  were  obtained  : 

St.  Catanna  Iron. 


I  .^^^  avi.4iifth    Natural  condition  or 
IntCTslty.  »Y;^»*»  '         heated  to  29ir>. 


Heated  to  redneM. 


Heated  and  teni> 
pered. 


Sloe  of 
the  deria-     Mag- 
ttoDofthe     netic 

needle,  weight. 


OliOO 
0-3000 
0-560O 
0-7000 
0*8300 


mmg. 

60 

238 

759 

1110 

1489 


MaKnctlc 
weight. 


mniK. 
3-2 
12t> 
40-5 

58-8 
77-7 


Relation 

to  Swedish 

iron. 

Mafnictlc 
weight. 

04 

Relation 
to  Swed- 
ish iron. 

1-066 

0-053 

0  053 

244 

1026 

0054 

702 

1-004 

0-053 



0052 

1489 

1000 

Relation 

to  the  na- 

4ive  iron 

not 

heated. 


20- 
19-3 

18-8 

19-1 


Magnetic 
weight. 

Relation 
to  Swed- 
ish Iron. 

1 

60 

1000 

232 

0-974 

749 

0-986 

1454 

0-976 

♦Translated  from  Comptes  Rendiis,  xciii,  p.  794,  1881. 
f  Comptes  Rendus,  xcii,  p.  848. 

\  Annales  de  Chimie  et  de  Physique,  5th  series,  xvi. 
Nickel  and  Cobalt.) 


1879.     (Magnetism  of 
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It  is  apparent,  in  the  first  place,  that  in  the  natural  state,  the 
small  bar  of  St  Catarina  iron  is  very  much  less  magnetic  than 
the  Swedish  iron.  When  the  former  was  heated  to  230'',  it 
assumed  a  rose  color,  but  the  magnetic  attractions  on  the 
balance  were  the  same  as  before  heating;  when  re-heated  for 
an  hour  to  a  bright  red  heat,  on  lime,  to  avoid  tqo  much  oxid- 
ation, and  then  slowly  cooled,  the  iron  was  twenty  times  more 
magnetic  than  in  its  natural  condition,  and  as  magnetic  as  the 
Swedish  iron.  Its  weight  had  been  increased  35°*'.  Finally, 
when  heated  a  second  time  and  plunged  in  cold  water,  its 
specific  magnetism  varied  but  very  little,  and  remained  the 
same  after  repeated  heating  and  tempering. 

To  study  this  iron  under  conditions  more  or  less  removed 
from  its  magnetic  saturation,  two  other  little  bars  were  experi- 
mented with. 

Bar  No.  2.— Weiffht,  1*345  tcr. :  loofrth,  ft)  mm.  Bar  No.  8.— Weight  0*378  or. ;  length.  18 mm.  • 

breadth,  4  mm. ;  thickness,  8  mm.  breadth,  2'39  mm. ;  tnicknest,  1*2  nun. 

Natural     Heated  to       Rela*  Natural     Heated  to  Rela- 

Intensity.         state.        redness.        tion.  Intensity.         state.         redness,    tlon. 

0-1525      1-7  (?)  36-  21-  (?)       

0*3000      5-  130-  26-  0*3020     1*8  (?)   41*   23(?) 

0*5600  16-  407-  25*4  0-5600     6*      123'   24-6 

0-8100  30-  740*  24*0  0-8141     9*5     229*   24*1 

The  native  iron  of  St.  Catarina  has  been  carefully  studied 
by  M.  Damour  and  MM.  Daubrde  and  Meunier,  who  have 
attributed  to  it  a  meteoric  origin,  and  who  have  found  that  it 
contained  about  34  per  cent  of  nickel.  The  remarkable  effect 
manifested  when  it  is  heated  appears  to  be  due  principally  to 
the  presence  of  nickel  and  a  crystallization  eflfected  at  a  very 
low  temperature. 

I  therefore  undertook  a  series  of  experiments,  to  see  whether 
pure  iron  and  pure  nickel  crystallized  in  the  cold  did  not 
exhibit  the  same  property.  To  try  this,  small  cylinders  of 
iron  and  nickel. were  prepared  by  depositing  these  metals  upon 
a  platinum  wire  by  electrolysis.  The  deposit  took  place  slowly 
at  the  ordinary  temperature,  and  the  deposited  metals  were 
crystallized.  The  bars  were  studied  by  the  aid  of  the  balance, 
then  heated  to  redness  and  re-examined.  The  iron  in  the  con- 
ditions under  which  I  operated  presented  after  heating  no 
notable  change  in  its  magnetic  properties.  This  was  not  true 
of  the  nickel  crystallized  in  the  cold,  for  it  presented  after  the 
heating  a  considerable  augmentation  of  its  magnetic  property. 
The  following  are  some  of  the  results  obtained  with  this  metal: 
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Nickel  depo»ittd  by  the  pile. 


Weight  •,»• 

442  Kr:  length  4<>  mm. 

Second  bar.- 

-Weight  4'4S4  gr. ;  length  SO  mm. 

Not 
lieated. 

Heated. 

Kela- 
tlon. 

Intenslty. 

Not 
heated. 

Kela- 
Heated.       tion. 

34  mpr       216 '"♦''^ 

6-37 

0-1708 

80-5  ""«' 

434'»«'  6-39 

147 

581) 

4-00 

0-2885 

320-5 

1010         3-15 

310 

909 

2-93 

0-5480 

1132-5 

2313         204 

5S1» 

13H3 

2  33 

0-7758 

1982-5 

3470         1-76 

1103 

2043 

1-85 

•    A    ^    w 

*  —  •  *                      w  •  ~ 

bars  that  were  examiued  contained  in  their  axes  a 
ni  wire,  thus  forming  a  kind  of  tube;  and  as  their 
is  small  compared  with  their  length,  they  are  much 
their  point  of  magnetic  saturation  than  the  bars  of 
iron  already  examined.  In  regarding  the  rapid  increase 
relation  as  recorded  in  the  last  column  of  the  above 
when  we  recede  from  the  point  of  saturation,  we  recog- 
;it  the  increase  of  the  magnetic  properties  of  the  nickel 
ized  in  the  cold  is  of  the  same  order  of  phenomena 
observed  in  the  St.  Catarina  iron. 

ight  be  imagined,  that  on  forming  wMth  the  native  metal 
ch  as  No.  2  and  No.  3,  of  which  the  sections  are  smaller 
aller  in  relation  to  their  length,  that  we  approximate  lo  the 
ic  saturation  and  would  obtain  numbers  nearer  to  those 
vere  found  for  the  nickel  in  the  condition  of  the  preced- 
>erinients  ;  but  on  the  contrary,  in  the  case  of  these  two 
he  magnetic  relations  before  and  after  the  heating  is 
for  the  second  than  for  the  first.  If  the  facts  be  con- 
which  I  have  established  in  the  memoir  previously  re- 
o,  it  will  be  recognized  that  the  characteristics  presented 
St.  Catarina  iron  indicate  that  the  magnetic  conditions 
h  it  has  been  submitted  are  far  removed  from  those  of 
on. 

magnetic  capacity  of  nickel  is  greater  in  proportion  to 
tance  the  molecules  of  this  metal  are  removed  from 
her;  it  therefore  tends  to  become  equal  and  even  a  little 
r  to  that  of  iron.  Perhaps  the  dissemination  of  the 
n  the  mass  of  native  iron  under  consideration  is  more 
le  to  the  manifestation  of  the  energetic  magnetic  prop- 
this  metal ;  in  fact  observzuion  proves  that  after  the 
of  the  nickel  which  accompanies  tlie  iron,  the  nickel  be- 
ke  the  iron.  The  crystalline  condition  of  the  native 
t  reheated  appears  as  in  the  pure  nickel  to  be  the  cause 
)pposes  the  magnetic  manifestations, 
lecessarily  conclude  from  this  research  that  the  native 
m  St.  Catarina  has  been  crystallized  at  a  low  tempera- 
Phis  conclusion  does  not  permit  of  forming  a  correct 
?sis  of  the  meteoric  or  terrestrial  origin  of  the  iron. 

L  u.  Sci.— TuiKi)  Seiueh,  Vol.  XXIII,  No.  Kia.— March,  1882. 
16 
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Note  by  J.  Lawrence  Smith. 

After  completing  my  researches  on  the  Ovifak  iron  and  do- 
lerite  of  Greenland,*  which  had  occupied  me  oflF  and  on  for  sev 
eral  years,  establishing  indisputably  the  terrestrial  origin  of  thai 
iron,  I  was  induced  to  examine  into  the  nature  of  some  other 
native  irons,  whose  origin  was  somewhat  equivocal.  One  that 
has  been  supposed  to  be  of  meteoric  origin  is  that  discovered, 
in  1875,  at  St.  Catarina  in  Brazil.  Having  obtained  specimens 
of  this  iron,  I  tried  to  apply  to  it  the  same  rules  of  investiga- 
tion as  I  had  done  to  the  Greenland  iron,  but  my  series  of  spe- 
cimens would  not  permit  of  this  and  the  question  was  left  io 
doubt.  My  first  object  was  to  separate  a  pyritic  mineral  asso- 
ciated with  the  iron  ;  but  owing  to  the  fact  that  the  metallic  iron 
Eermeated  the  pyrites  in  numberless  filaments,  it  was  impossi- 
le  to  conduct  this  separation  by  means  of  the  magnet,  nor 
have  I  as  yet  been  able  to  devise  any  other  method.  While  ap- 
plying the  magnet  to  various  parts  of  the  pure  metal,  it  was 
found  that  many  of  these  small  pieces  did  not  respond  to  the 
attraction  of  the  magnet,  but  when  these  pieces  were  flattened 
out  by  being  hammered  between  two  bright  surfaces,  that  the 
flattened  metal  would  be  attracted  by  the  magnet,  and  if  heated 
to  redness  would  become  as  susceptible  to  the  magnet  as  pare 
iron.  The  iron  of  the  native  mineral,  as  I  had  previously  ascer- 
tained, contained  as  much  as  34  per  cent  of  nickel,  but  the 
mere  presence  of  the  metal  in  no  manner  sufficed  for  an  expla- 
nation of  this  phenomenon;  for  the  Oktibbeha  meteoric  iron 
contains  over  45  per  cent  of  nickel,  and  is  under  all  circum- 
stances affected  by  the  magnet  as  readily  as  any  other  meteoric 
iron.  I  made  a  number  of  experiments,  and  satisfied  myself 
that  many  pieces  of  the  St.  Catarina  iron  in  its  natural  condi- 
tion were  one  or  two  hundred  times  less  magnetic  than  pure  iron; 
in  other  pieces  the  difference  was  much  less,  but  after  heating 
they  all  became  equally  magnetic.  Having  no  magnetic  bal- 
ance I  sent  a  detailed  account  of  my  experiments  to  the  French 
Academy  of  Science,  with  a  request  that  M.  Becquerel  should 
examine  it  with  his  magnetic  balance;  this  he  has  done  and 
his  interesting  results  are  given  in  the  pages  preceding. 

While  he  does  not  mention  having  tried  the  effect  of  me- 
chanical compression  on  the  crystalline  nickel  as  deposited  by 
electricity,  it  may  be  that  this  compression  would  have  some 
effect  in  increasing  its  normal  magnetism.  I  hope  soon  to 
investigate  further  this  iron  to  settle  the  question  as  to  its 
possible  origin. 

•  (jomptes  Rendus,  voL  xci,  and  Annales  de  Dhimie  et  de  Phvsique,  5*9er..^ 
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Art.  XXIII. —  Origin  of  Jointed  Structure  in  undisturbed  Clay 
and  Marl  deposits;  by  JoHN  LeConte.  (From  a  letter 
addressed  to  Professor  J.  D.  Dana,  dated  Berkeley,  Califor- 
nia, Jan.  10,  1882.) 

My  Dear  Sir: — In  reading  Mr.  G.  K.  Gilbert's  very  interesting 
md  suggestive  article  on  "  Post-Glacial  Joints,''  (this  Journal, 
[II,  xxiii,  25-27,  Jan.,  1882),  it  occurred  to  me  that  the  key  to 
:he  true  explanation  of  the  jointed  structure  of  the  clays  and 
narls,  constituting  the  floors  of  the  deserts  of  the  Great  Salt 
Lake  basin,  might  be  found  in  the  analogous  phenomenon, 
observed  at  the  present  time,  in  the  desiccation  of  the  fine  sed- 
imentary deposits  forming  the  deltas  along  the  Sacramento 
River  and  otner  valleys  in  California.  The  reclamation  of  the 
Tale  or  swamp-lands  of  these  deltas,  by  excluding  the  over- 
flows of  the  rainy  season  by  means  of  extensive  levees,  has 
brought  under  notice  the  very  striking  and  conspicuous  phe- 
nomena of  immense  vertical  cracks  or  joints,  evidently  due  to 
ihe  shrinkage  of  these  marshy  deposits  during  the  progress  of 
iheir  desiccation.  These  cracks,  by  their  intersection,  form 
more  or  less  rude  approximations  to  quadrangular  or  hexag- 
onal prismatic  block>».  In  some  places  they  are  from  10  to  15 
ftet  across  at  the  surface,  and  extend  down  probably  to  the 
l)0ttora  of  the  deposit,  which  reposes  upon  a  stratum  of  hard- 
pan,  frequently  60  feet  or  more  below.  These  cracks  some- 
times extend  across  the  levees,  thus  originating  serious  cre- 
vasses and  disastrous  floodings. 

The  coefficient  of  contraction  or  shrinkage  from  loss  of 
moisture  in  such  deposits  is  simply  enormous.  Thus  the  finer 
sediments,  due  to  the  recent  operations  in  hydraulic  mining,  in 
certain  situations,  form  deposits  from  four  to  six  feet  deep  over 
the  older  beds  of  sand  along  tlie  banks  of  the  Feather  River  (a 
tribuiary  of  the  Sacramento).  When  this  stratum  of  clay  is 
subjected  to  the  desiccating  influence  of  the  prolonged  dry 
season,  cracks  are  formed  by  shrinkage  extending  to  the  bed 
oi  sand,  and  so  large  that  a  man  can  walk  on  ihe  sandy  sub- 
stratum between  the  vertical  prismatic  columns. 

It  seems  to  me  that  in  these  phenomena  we  have  reproduced 
in  minimis  under  our  very  eyes,  the  counterpart  of  what  took 
alace  on  a  gigantic  scale  in  the  Salt  Lake  basin  through  the 
)owerful  desiccating  influence  of  the  arid  climate  which  suc- 
'^eded  the  Glacial  epoch. 

It  is  evident  that  when  such  cracks  or  joints  become  filled, 
•y  subaerial  agencies,  with  sand  and  other  materials,  the  subse- 
ueat  lines  of  erosion  must  necessarily  follow  these  channels 
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01  rupture  in  the  more  compact  subaqueous  deposits  of  clar 
and  marl.  t  ^  r 

I  am  indebted  to  my  son,  L.  J.  LeConte,  for  the  facts 
above  recorded.  He  had  the  opportunity  of  carefully  obsen'- 1 
ing  the  phenomena  under  consideration,  in  connection  with  lie 
reconnaissance  of  the  Sacramento  valley,  in  relation  to  tbe 
nnprovement  of  the  navigation  of  the  river  as  well  asourgrejt 
engineering  problem  of  the  disposal  of  the  debris  resulting 
from  hydraulic  mining. 

Of  course  every  one  is  familiar  with  the  cracks  in  mud  or 
clay  due  to  the  shrinkage  consequent  upon  drying;  but,  « 
far  as  I  am  aware,  no  one  has  called  attention  to  the  fact  that 
tlicy  may  be  developed  on  so  large  a  scale  as  to  become  an  im- 
portant factor  in  the  physical  geology  of  past  ages. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  O71  the  lielation  between  the  Optical  and  Thermal  pheno»r 
ena  of  Liquid  Organic  suhstances, — Bruhl  has  continued  his  re- 
Hearches  on  the  connection  between  the  physical  properties  of 
organic  bodies  and  their  chemical  constitution,  and  in  his  litf 
paper  discusses  the  relation  between  the  optical  and  the  therniil 
[)henomena  observed  in  organic  liquids.  He  finds:  Ist,  that  pro- 
gressive oxidation  has  the  same  influence  on  the  optical  as  on  tbe 

thermal    properties;    the  refractive  power,  represented  by     yi 

diminishing  as  the  amount  of  oxygen  is  increased,  precisely «» 
the  heat  of  combination  diminishes.  Removal  of  hydrogen,  or  iti 
replacement  by  oxygen  produces  the  same  effect ;  so  that  both  the 
Hl)ove  phvsical  values  are  greater  for  the  hvdrocarbons  than  for 
the  alcohols,  aldehydes,  acids,  etc.,  derived  from  them.  Tht*  dif- 
ferences, however,  diminish  as  the  molecular  weight  increases,  th*t 
between  propyl-alcohol  and  propyl-aldehyde  being  smaller  than 
between  ethyl-alcohol  and  acetic  aldehyde.  2d,  halogenization  h«» 
the  same  influence,  both  the  refractive  power  and  the  heat  of  com' 
bhiation  becoming  smaller  as  the  chlorine  atoms  increase.  The 
constant  for  bromint*  is  less  than  for  chlorine,  and  for  iodine  iti* 
still  less.  3d,  in  the  homologous  series  of  alcohols,  acids  and 
ethers,  both  the  optical  and  the  thermal  constants  increase  with 
increasing  amounts  of  carbon  and  hy^lroiren,  though  the  succeft^i^ 
diflerences  diminish  as  the  molecular  weight  rises.  4th,  the  rt- 
fractive  power  of  isomeric  bodies  of  eijual  saturating  power  is  th* 
same  for  all  and  is  therefore  independent  of  the  atomic  groupins.w 
the  author  had  j)rove<l  some  time  ago.  The  researches  of  i»a* 
guinine,  Herthelol  and  others  have  shown  the  heat  of  combustion 
to  be  also  the  sam(»  for  such  holies,      "ith,  in  ])olyniers,  these  j»h\> 
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ical  constauts  are  both  smaller  than  titose  of  the  bodies  producing 
tbem, and  they  diminish  as  the  molecular  weight  increases;  i.  e.^ 
the  greater  the  number  of  the  condensed  molecules.  6th,  isomeric 
bodies  of  unequal  saturating  power  have  different  refractive  pow- 
ers; bodies  in  which  doubly  united  atoms  exist  have  a  larger 
uiue  of  this  constant  than  their  isomers  not  having  this  union; 
lod  the  value  is  larger  when  carbon  atoms  are  doubly  united  than 
when  carbon  is  thus  joined  to  oxygen.  Longuinine  has  proved  the 
tame  to  be  true  of  the  heat  of  combustion.  Thus  an  unsaturated 
glcohol,  as  allyl  alcohol,  has  a  higher  refractive  power  and  com- 
bustion value,  than  the  isomeric  bodies  propyl-aldehyde,  or  ace- 
tone. 7th,  since  if  two  bodies  having  the  same  molecular  formula 
jive  different  quantities  of  heat  on  combustion,  they  must  con- 
tain different  quantities  of  energy,  it  follows  that  the  internal 
Miergy  of  bodies  containing  doubly  combined  atoms  is  greater 
ban  that  of  their  isomers  which  have  only  singly  united  atoms. 
rbe  energy  of  a  body  consists  of  the  vis  viva  of  its  moving  par- 
icles  and  of  its  interior  work,  the  latter  only,  tending  to  diminish 
he  forces  uniting  these  particles  and  so  to  produce  disaggrega- 
ion.  But  the  vis  viva  of  isomeric  bodies  is  equal ;  hence  the 
lifference  of  energy  observed  in  these  bodies  represents  a  differ- 
ence of  internal  work,  the  greater  energy  representing  a  looser 
aggregation  of  the  atoms.  Because  greater  energy  is  evolved 
n  the  case  of  doubly  combined  atoms,  therefore  it  follows  that 
,he  so-called  double  union  of  atoms  shows  not  a  more  intimate, 
t^ut  on  the  contrary  a  weaker  attraction,  than  single  union  ;  and 
lence  the  assumption  of  a  stronger  or  denser  union  in  unsaturated 
bodies,  when  their  atoms  are  doubly  combined,  is  directly  the 
reverse  of  the  fact.  This  conclusion  is  supported  by  Kopp's  and 
by  Buff's  results  showing  that  the  volume  of  a  body  containing 
3odbly  combined  atoms  is  greater  than  that  of  one  containing 
onlv  singly  united  ones;  and  also  by  the  rule  established  by 
KeKule  that  on  oxidation  of  a  body  with  doubly  united  atoms  the 
■lolecule  first  breaks  at  the  double  union. — Ber,  Berl,  Chem, 
Ge»,^  xiv,  2533,  Nov.   1881.  G.  f.  b. 

2.  SimpUi  Dissociation  Apparatus. — Tommasi  has  described  a 
«nnple  apparatus  which  he  called  a  dissocioscope,  for  showing  the 
jiiftiociation  of  ammoniacal  salts.  It  consists  of  a  tube  of  glass 
JO  to  25  ceiitiineters  long  and  3  or  4  centimeters  in  diameter.  By 
iieans  of  a  platinum  wire  a  slip  of  blue  litmus  paper,  previously 
.moistened  with  a  solution  of  ammonium  chloride,  is  suspended  in 
the  tube.  The  solution  should  be  exactly  neutral  and  be  com- 
pletely saturated.  The  paper  is  dipped  in  the  solution,  pressed 
«r  an  instant  between  sheets  of  blotting  paper  and  while  still 
damp  introduced  into  the  tube.  If  now  this  tube  be  plunged  into 
I  cvlinder  containinc:  boiling  water,  the  ammonium  salt  is  disso- 
ilated  and  the  blue  litmus  paper  becomes  red.  On  placing  it  in 
'old  water  the  dissociated  ammonia  and  hydrogen  chloride  re-unite 
Ud  the  paper  becomes  l>lue  again.  This  may  be  repeated  any 
Umber  of  times  at  pleasure.     Of  course  by  using  the  bromide, 
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sulphate,  or  nitrate  of  anmionium  the  dissociation  of  these   salts 
may  be  shown. — Bull,  Sor,.  Ch,y  II,  xxxvi,  645,  December,  1881. 

G.  F.  B. 

3.  On  the  Effect  of  Oxides  on  the  Decomposition  of  Potassium 
(Chlorate. — MilLvS  and  Donald,  continuing  the  researches  upon 
the  action  of  oxides  upon  salts  begun  by  the  first-named  chemist, 
have  studied  the  action  of  these  oxides  upon  chlorates,  a  reaction 
observed  by  Dobereiner  fifty  years  ago.  The  oxide  employed 
was  ferric  oxide,  purified  by  several  precipitations,  and  ignited 
The  chlorate  was  several  times  recrystallized.  The  apparatus 
(consisted  of  a  shallow  iron  pot,  within  which  was  a  low  stage  of 
porous  tile,  upon  which  was  placed  tlje  bulb  of  a  SchloesingV  gag 
regulator,  with  the  porcelain  crucible  in  close  proximity  to  it, 
covered  by  its  lid.  A  thermometer  bulb  was  placed  near  it,  tlic 
iron  pot  was  covered  and  heated  with  a  Fletcher's  burner.  The 
air  bath  was  first  heated  for  a  half-hour  to  the  temperature  of  the 
experiment.  The  crucible  with  its  mixture  was  inserted,  and  the 
heat  continued  for  four  hours.  At  the  end  of  the  time  the  crucible 
was  removed,  cooled  in  a  desiccator  and  weighed.  Five  grams  of 
chlorate  were  taken  in  each  experiment,  the  quantity  of  oxide 
being  gradually  increased  from*  a  decigram  to  ten  grams,  the  tem- 
perature being  kept  at  about  196**.  If  the  action  of  ferric  oxide 
upon  potassium  chlorate  be  similar  to  that  of  an  ordinary  oxide 
upon  an  ordinary  salt  the  numerical  results  should  admit  of  rej)- 

resent ation  under  some  form  of  the  general  equation  P2  = in 

which  E  is  the  chemical  eficct  on  oxygen  expelled,  x  and  y  are 
respectively  the  masses  of  oxide  and  chlorate,  Xr  and  y^  are  the 
residues  of  these  masses  after  action,  and  a  is  a  factor  of  chem- 
ical effect,  the  number  of  chemical  units  of  oxygen  expelled  per 
unit  of  oxide^  The  results  suggest  that  the  values  of  a  are  in- 
versely proportional  to  the  values  of  x.  Calculation  upon  this 
hypothesis  gave  results  closely  agreeing  with  experiment.  When 
X  is  very  small,  rr  =  3*3028,  and  (Fe/)^),  expels  O^^  or  a  unit  of  the 
oxide  acts  on  rather  more  than  a  unit  the  chlorate.  When /is 
very  large,  ^i'=0-27240,  and  the  five  grams  of  chlorate  reaches  the 
limit  of  0*1775  gram  oxygen  expelled.  Moreover  as  the  mass  of 
oxide  increases  its  efficiencv  decreases.  Inasmuch  as  in  the  action 
of  ferric  oxide  on  potassium  carbonate,  the  factor  of  chemical 
eftect,  in  the  first  stage,  is  inversely  as  the  mass  of  oxide,  the 
authoi*s  regard  the  entire  course  of  the  action  of  ferric  oxide  upon  \ 
potassium  chlorate  as  strictly  analogous  to  the  first  stage  of  the 
action  of  the  same  oxide  on  potassium  carbonate.  This  case  of. 
chemical  change  then  presents  nothing  peculiar  or  abnormal  and 
the  name  catalysis  ceases  to  be  applicable  to  the  reaction  now  con- 
sidered.— J.  Chenu  Soc,  xli,  18,  Jan.  1882.  g.  f.  r 

4.    On  (he  Freez'nuf  point  of  Sulphuric  acid  of  different  Degrm 
of  Concentra(io)t. — Linge  has  determined   the   point   at  which 
sul])huric  acid  of  various  strengths  solidifies  when  exposed  tocold.^ 
A  freezing  mixture  of  three  parts  ice  and  one  of  salt  was  used,  in 
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h  the  thermometer  sank  to  —20°.  The  first  separation  of 
als  required  prolonged  cooling ;  bat  once  effected,  it  takes 
'  much  easier  and  always  at  the  same  temperature.  That 
»erature  at  which  the  first  crystals  appeared  was  called  the 
;ing  point.  The  fusing  point  could  not  be  fixed  with  the 
»  exactness.  The  thermometer  was  corrected,  the  specific 
ity  determined  on  an  accurate  balance  and  reduced  to  15**  by 
leppi's  tables.  The  Baam6  degrees  were  calculated  according  to 

144-3         _.  ,        ,      .      , 


a\.<\\jttt»A 

ai  cc^vriiiovci.,  i.»  — 

144-3-7* 

C^       A^Oi 

l«ll»C«     \/i^l;ci>«tl< 

1  in  the 

following  tabular  form  : — 

Sp.  ffT.  at  15".                     Banin^. 

Freezincr  point. 

Fasing  point 

1-671 

.58' 

Liquid  at  - 

-20° 

- .  •  - 

1-691 

59^^ 



w     •    •    « 

1-712 

6006" 





1-727 

60-75" 

-7"5" 

-7-6" 

1-732 

61-0* 

-8-6" 

—8-5" 

1-749 

61 -8' 

—0-2'' 

+  4-5" 

1-767 

62*65* 

+  1-6" 

+  6-5" 

1-790 

63-75" 

+  4-6' 

+  80'' 

1-807 

64-45" 

-90** 

-eo** 

l-«22 

6515" 

Liquid  at  — 

20' 

*  •  «  w 

1-842 

66" 

«  —  *  « 
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Oil  the  action  of  Water  on  Bismiithons  iodide  as  illustrating 
inical  change. — Pattison  Muir  has  suggested  the  action  of 
?r  on  bismuthous  iodide  as  a  lecture  experiment  well  adapted 
illastrating  the  influence  of  (a)  time,  (ft)  temperature  and  (c) 
S  on  a  chemical  change.  Two  forms  of  the  experiment  are 
n.  In  the  first,  a  quantity  of  hydriodic  acid — one  part  of 
3g  acid  to  100  pf  water — is  divided  into  two  equal  parts. 

is  heated  to  boiling,  the  other  remains  cold ;  a  small  quan- 
of  the  cold  solution  is  diluted  with  about  three  times  its  own 

of  water,  a  little  of  this  is  again  diluted  with  about  three  or 

times  its  volume  of  water.  The  four  liquids  are  placed 
?akers  on  white  paper,  and  a  few  grains  of  solid  bismuthous 
e  is  shaken  into  each.  In  the  cold  and  strongest  liquid  brown 
is  produced ;  in  the  hot  liquid  red  BiOI ;  in  the  cold  moder- 

I  dilute  liquid,  BiOI ;  and  in  the  most  dilute,  there  is  little  or 
ction.  The  second  form  of  the  experiment  is  performed  by 
ing  a  little  of  a  solution  of  Bil,  in  strong  hydi-ogen  iodide  into 

of  three  beakers,  the  first  of  which  contains  100  c.c.  cold 
r,  the  second,  the  same  at  90**  to  100°,  the  third  500  c.c.  cold 
r.  Brown  Bil,  falls  in  the  first,  red  crystalline  BiOI  in  the 
)d,  and  red  BiOI  but  in  smaller  quantity,  in  the  third.     The 

II  Bil,  passes  into  the  red  BiOI  on  standing;  addition  of 
^  HI  reproduces  brown  Bil,. — J,  Ch^em.  Soc.^  xli,  4,  Jan.  1882. 

G,  F.  B. 

On  the  Splitting  of  Petroleum  hydrocarbons  at  low  TempeT-. 
«. — GrsTAvsoN  has  observed  that  when  in  hydrocarbons 
ned   either  frotn  Anaerican  or  Caucasian  petroleum,  alumi- 
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ninn  bromide  is  dissolvod  and  hydrogen  bromide  gas  is  pa8se«I 
into  the  liquid,  the  whole  heated  in  a   paraffin   bath,  the  mass 
separates  into  two  layers,  the  composition  of  the  lower  one  being 
always  the  same.     It  is  a  pretty  thick  liquid,  of  the  consistence  of 
aqueous  glycerin,  orange-red  in  color,  not  solidifying  at  —15", 
permanent  at    100**— 120°,  but  decomj)osing  at  higher  tem|)era* 
tiires  into  gaseous  products,  insoluble  in  the  hydrocarbons  from 
which  it  is  formed,  and  in  carbon  disulphide,  but  miscible  in  all 
proportions  with  ethyl  bromide.     It  has  probably  the  formula 
AlBrjC^H^.     Besides  this  substance  gaseous  products  are  evolved, 
not  condensible  in  a  freezing  mixture,  and  consisting  of  lower 
members  of  the  scries. —  Her,  B(^rl.  C7ie?n.  Ges,^  xiv,  2ttl9,  Dec. 
1881.  G.  F.  a 

7.  On  t/ie  Occurrence  of  Metahncifmene  in  Ronn  oil. — Of  the 
six  theoretically  possible  cynienes  (propyl-toluenes)  paranormal- 
propyltoluene  has  been  obtained  by  Paterno  and  Spica,  ortln>. 
normalprojiyltoluene  and  metanornial]>ropyltoluene  by  Clans,  ami 
paraisopropyl toluene  by  Jacobsen.  Kelbe  has  now  detected  the 
existence  of  metaisopropyltoluene  in  the  product  of  the  dry  distil- 
lation of  rosin.  From  the  lighter  portions  of  the  <listillate,  frac- 
tions were  separated  boiling  from  108°  to  116°,  leo"*  to  174)°,  K0« 
to  180°,  and  180°  to  190°.  In  the  first  toluene  was  present  and 
in  the  others  cyinene.  To  prepare  the  latter,  the  fractions  from 
160°  to  190**  were  again  fractionated,  and  the  product  treated  for 
some  hours  with  concentrated  sulphuric  acid  on  the  water  batli. 
Dilution  with  water  and  neutralization  with  barium  carbonate 
gave  the  cymene-sulphate.  But  on  saturating  the  acid  with 
hydrogen  chloride  and  heating  in  sealed  tubes  to  180°,  cyinone 
itself  was  obtained.  F'rom  15  kilograms  of  rosin-spirit,  800  orram^ 
of  cymene  were  procured.  On  oxidation  with  chromic  acid,  isoph- 
thalic  acid  was  obtained ;  thus  proving  the  cymene  to  belong  to 

the  meta-series  ^J^,  i  (   ff /•>!•     '^'^  determine   the   structure  of 

^  t  3         1  \*    /  I 

the  propyl  group,  isopropyl  iodide  was  made  to  act  on  toluene  in 
presence  of  aluminum  chloride.  A  cymene  was  obtained  identical 
with    that   obtained    from    the    rosin-spirit.      Thus    proving  the 

former  tobc  nietaisoi)ro5)vltohiene  Cjr. -<  ^,,,^  (  ^'JU/o\-      Several 

compounds  of  the  new  cymene  are  described. — Liebif/s  Ann., 
ccx,  1,  Oct.,  1881.  '  <;.  F.  K. 

8.  On  the  Alile/njde-)iati(rv  of  Hrinr/  l^rotoplaant. — Starling 
from  the  fact  observed  bv  them,  that  living  cells  behave  diflfer- 
ently  from  dead  ones,  that  living  ])rot<)plasm  has  the  power  of 
reducing  very  dilute  solutions  of  silver  which  dead  protoplasm 
has  not,  Loew  and  Bokorny  have  concluded  that  living  proto- 
plasm is  chemically  of  the  nature  of  an  aldehyde.  Reinke 
suirirested  in  it  the  presence  of  formic  aldelivde,  the  authors  have 
examined  the  distillate  from  alga'  with  a  negative  result  Their 
own  view  seems  to  them  the  more  j>robable. —  Ber.  Bcrl.  duun. 
Oes,,  xiv,  2441,  Nov.  1881.  g.  f.  b. 


K 
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?).  On  the  Viscosity  of  Gasts  at  High  Exhaustions. — In  a 
per  read  before  the  Britifili  Association  in  1859,  Maxwell  pre- 
[ited  the  remarkable  theoretical  result  that  the  coefficient  of 
ction  or  the  viscosity  between  layers  of  gas  having  diiferent 
loc'ities  of  translation  should  be  independent  of  the  density  of 
e  gas.  Previous  experiments  do  not  seem  to  confirm  this  view 
ul  Professor  C^rookes  has  lately  investigated  the  subject,  bring- 
gto  the  study  great  experimental  skill  gained  by  long  experi- 
jce  in  obtaining  and  measuring  high  exhaustions.  For  the 
any  refinements  of  the  apparatus  we  must  refer  the  reader  to 
le  original  memoir.  In  its  main  feature  the  apparatus  consisted 
a  torsion  pendulum,  composed  of  a  plate  of  mica  one-half  of 
hich  was  blackened,  which  was  suspended  by  a  long  silk  fiber  in 
tube  filled  with  the  gas  whose  viscosity  at  different  exhaustions 
as  to  be  examined.  The  movements  of  this  torsion  pendulum  were 
bsen'ed  bv  means  of  a  beam  of  light  which  was  reflected  from 
mirror  placed  upon  the  pendulum.  Since  the  viscosity  of  the 
ast's  dampened  the  vibrations  of  this  torsion  apparatus  (which 
as  set  in  vibration  bv  the  radiometer  effect  on  the  semi-black- 
led  plate  of  mica),  a  carefid  analysis  of  the  decrements  of  the 
nngs  were  necessary.  Several  curves  illustrating  the  viscosity 
<  means  of  this  decrement  in  the  swing  are  given  ;  and  a  care- 
1  analysis  on  hydrodynamical  principles  by  Professor  G.  G. 
okes  is  appended  to  Professor  Crookes'  paper.  The  following 
a  table  of  the  results  obtained  bv  different  observers. 

(iriiiiam.  Kundt 

and  WarburK-         Maxwoll.  OuukcK. 

Air roOOO  l-OOOO  1 -0000  1*0000 

OxyjreD-. 11009  "  "  M1S5 

Nitrogen 0071  "  '•  0-9715 

rarl>onic  anhydride 0807  OSOO  0-859  0-9208 

rarbonic  oxide 0-97 1  '  '•  0-971 5 

Hydrogen .  0-4855  0-488  0-5150  0*4439 

Professc»r  Crookes  believes  that  his  results  are  more  accurate 
iin  those  of  previous  observei's.  He  has  obtained  a  much  lower 
<cosity  in  the  case  of  hydrogen  and  believes  that  its  accurate 
<*dience  to  Maxwell's  law  is  a  proof  of  its  purity,  for  any  im- 
rity  arising  from  admixture  of  other  gases  impairs  the  results, 
le  results  uphold  Maxwell's  theory  in  general,  and  the  more 
rtoct  the  gas  the  nearer  the  agreement.  Professor  Stokes  states 
iiis  discussion  of  Professor  ('rookes'  results  that  the  direct  solu- 
m  of  the  problem  of  the  movement  of  a  lamina  like  a  mica 
Ue  in  even  a  perfect  fluid  cannot  be  solved  ;  but  theory  enables 
e  to  compare  the  viscosities  in  different  media  under  certain 
mlitions  of  similaritv-  Professor  Stokes  is  accordinujlv  led  to 
e  following  law. 

"If  any  pressure  l>e  taken  in  one  gas  and  the  pressures  found 
other  gases  for  which  the  coetficients  of  viscosity  are  as  the 
-Jiisities  (pressures  which  have  been  defined  as  '  corresj)onding'), 
KMi  if  another  system  of  pressures  be  taken  proportional  to  the 
>i'raer  the  pressures  in  the  new  system  will,also  correspond  ;  and 


240  Scientific  Jntelli/fence. 

consequently  the  ratio  of  the  coefficients  of  viscosity  of  tlie  dif- 
ferent  gases  will  he  the  same  for  tlie  pressures  in  one  such  system 
as  in  another/'  lie  remarks  "  that  this  law  is  in  accordance  with 
Maxwell's  law  but  does  not  by  itself  prove  it."  The  constancy 
or  tendency  toward  constancy  is  the  viscosity  as  the  rarefaction 
goes  on,  which  is  shown  by  Professor  Crookes'  experiments,  is  suffi. 
cient,  in  Professor  Stokes'  opinion,  to  establish  Maxv^elTs  law.— 
Phil.  Trans,  of  the  Royal  ISociety,  Part  II,  1881,  pp.  387-446. 

J,  T. 

10.  Contributiofia  to  the  TheoTy  of  Electro-magnetism. — Two 
magnetic  influences  in  ditterent  planes  upon  the  particles  of  steel 
seemed  to  W.  Siemens  to  require  careful  study  and  he  has  there- 
fore experimented  upon  the  magnetism  of  iron  rings  of  different  • 
dimensions.  These  rings  were  simply  hollow  cylinders  which 
were  wound  from  end  to  end  parallel  to  the  axes  of  the  cylinders, 
and  magnetised  by  currents  passing  through  these  windings.  At 
the  same  time  the  cylinders  were  surrounded  by  transverse  wind- 
ings. It  was  found  that  the  magnetism  produced  in  the  ring  was 
<liminished  by  the  simultaneous  action  of  the  windings  which 
were  perpendicular  to  the  axis  of  the  cylinder.  This  fact  leads 
the  author  to  theorize  upon  the  arrangement  of  the  polar  particles 
and  to  modify  previous  theories,  lie  calls  attention  to  the  advan- 
tages which  the  apparatus  we  have  described  possesses  both  to 
the  investigator  and  to  the  practical  electrician.  In  conclusion 
he  experiments  upon  the  shielding  influence  of  iroii  covers  or 
mantles  to  electro-magnets  and  arrives  at  some  conclusions  which 
appear  to  differ  from  the  generally  received  opinions  upon  this 
influence.  He  promises  further  experiments  upon  this  point.— 
— Ann,  dcr  Physlk  und  Chemic^  No.  I'J,  li-^Sl,  pp.  t)3r>-656. 

J.  T. 

1 1.  DisinUyration  of  Electrodes  by  Positive  Electricity.— 
Reiti.ixger  and  Waciitkk  have  carefully  studied  the  formation 
of  Lichtenberg's  figures  and  conclude  that  the  positive  figures  are  j 
due  to  conveyance  of  small  material  j)artieles  from  the  positive 
electrode  and  that  the  negative  figures  are  due  to  the  mechanical 
effect  of  the  discharge  of  gases.  —  Ann.  dcr  Physik  mid  Cheiuie, 
No.  12,  1881,  pp.  591-ClO.  '  *  J.  T. 

12.  Upper  Limit  for  the  Kinetic  Eneryy  of  Moved  Electririt]}. 
— Maxwell  in  his  Electricity  and  Magnetism,  vol.  ii,  describes  an 
apparatus  by  which  he  hoped  to  detect  the  inertia  of  electricity 
if  any  such  property  existed.  The  results  obtained  by  the  appa- 
ratus however  were  negative.  Hertz,  without  reference  to  the  un- 
successful attempts  of  Maxwell,  essays  to  detect  this  inertia  by  a 
different  method.  A  current  of  eleclricitv  was  conducted  through 
a  thin  metallic  plate,  apj)roxi!nately  of  an  elliptical  shajK*.  The 
battery  current  ran  to  the  extremities  of  the  major  axis,  ami  the 
terminals  of  a  galvanometer  were  connected  with  the  ends  of  the 
minor  axis.  The  metallic  plate  was  formed  of  silver  deposited 
ujjon  glass,  and  the  needle  of  the  galvanometer  was  brought  to 
rest  by  scraping  away  a  portion  of  the  silver  coating,  at  ihc  side 


CJipmistri/  and  Physics.  241 

the  plate  and  also  by  forming  derived  circuits  between  the 
Is  of  the  major  and  minor  axes.  In  fact  the  whole  arrange- 
iit  resembles  that  of  a  Wheatstone's  bridge  in  which  all  the 
inches  were  continent.  This  plate  was  then  made  to  revolve 
)at  an  axis  perpendicular  to  the  middle  of  the  elliptical  plate, 
i  various  ingenious  arrangements  were  made  to  allow  the 
minals  of  the  galvanometers  and  those  of  the  battery  to  follow 
'  motions  of  the  plate.  If  the  electrical  current  possessed  in- 
ia,  a  difference  of  potentials  would  be  created  by  the  revolu- 
1  of  the  plate.  This  difference  of  potential  being  formed  at 
extremities  of  the  minor  axis  of  the  ellipse  wouhl  cause  a 
rent  in  the  galvanometer  whose  terminals  were  connected 
h  the  ends  of  this  axis.  The  various  errors  incident  to  this 
hod  of  experimenting  were  closely  examined  and  the  results 
the  experiment  appeared   to  the   writer  to  warrant  the  asser- 

I  that  he  could  wager  3480  to  1  that  no  movement  of  the 
rile  of  the  galvanometer  greater  than  one  of  his  scale  divisions 
l<l  be  ascribed  to  the  inertness  of  the  electricitv.     His  calcula- 

leads  him  to  the  formula  //  =    -^ —  in  which    u  is  the  kinetic 

•gy  of  a  current  of  the  magnetic  density  of  1  in  a  cubic  milli- 
er  of  a  silver  conductor,  </>  the  difference  of  potential  between 
ends  of  the  minor  axis,  d  the  thickness  of  the  metallic  coatinjr 
he  revolving  plate,  J  the  strength  of  the  current  passed 
>ugh  the  plate,  and  co  the  angular  velocity  of  the  ])late.  The 
Je  obtained  for  ^/  was  //  =  0*0000185  mm.'  for  one  scale  divis- 

which  the  author  selected.  He  is  led  to  believe  that  the 
le  of  li  would  be  much  larger  in  liquids  and  that  a  positive 
ill  could  be  obtained  with  them  if  the  difficulties  of  experi- 
itation   could  be  overcome. — Ann.   der  Physik  ufid  Chemie, 

12,  188 J,  pp.  581-591.  J.  T. 

'i.  Electrical  Units  reconuntnded  by  the  JElectrinil  Congress  of 
I. — (1.)  The  fundamental  units  are  the  centimeter,  the  gram 

the  second  (C.  G.  S.).     (2.)  The  volt  and  the  ohm  retain  the 

sent   value,  viz:   10*  and  10".     (3.)  The  resistance  of  one  ohm 

be  represented  by  a  column   of  quicksilver,  of  I  milli?neter 

are,   in  section,  at  0°  C.       (4.)   An  international   commission 

II  decide  by  new  experiments  what  lengtli  this  mercury  column 
I   millimeter  S(iuare  section  should  have  in  order  to  represent 

ohm.      (5.)  The  current  through  one  olim  with  the  tension  of. 

volt  is  called  an  ampere.  (0.)  The  quantity  of  electricity 
rded  by  one  ampere  in  one  second  is  called  a  coulomb.  (7.) 
Urad  is  defined  to  be  that  capacity  by  which  one  coulomb  in 

farad  gives  a  volt. — Ann.  der  Physlk  itnd  Chewie,  No.  12, 
1,  p.  708.  ^  J.  T. 

4.  Eleme)itary  Lessons  In  Electricity  and  Jlaynetism;  by  Sil- 
s'l's  P.  Thompson.  446  pp.  12mo.  London,  18S1  (^lacinillan 
Co.) — The  beginner  who  wishes  to  make  himself  acquainted 
h  the  fundamental  experiments  of  Electricity  and  Magnetism, 
I  with  the  principles  which  have  been  deduced  from  them,  will 
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find  this  little  book  :in  oxeollent  guide.  It  is  written  from  the 
modern  standpoint,  avoiding  the  use  of  old  phraseology  so  likely 
to  mislead  the  beginner,  and  explaining  the  not  always  simple 
ideas  now  accepted,  in  clear  and  intelligible  form ;  the  student 
who  has  mastered  it  will  be  in  a  position  to  go  forward  with  njore 
advanced  treatises  without  having  anything  to  unlearn.  There  is 
mucli  fresh  matter  introduced  into  the  text,  but  in  this  resjjeot 
the  figures  are  not  quite  all  that  the  book  deserves. 

II.    GKOLO(iY. 

1.  Gliichil  KroHion  in  Maine;  by  Professor  (4korge  11. 
Stonk,  of  Colorado  College.  Proc.  Portlan<l  Soc.  Nat.  Hist,, 
Nov.  21,  18S1.  —  Professor  Stone  treats  in  this  paper  of  the  com- 
position and  distribution  and  def)th  of  the  till  in  the  State  of  Maine; 
of  the  effect  of  the  ground  moraine,  where  tliick,  in  preventing 
abrasion ;  of  the  origin  of  the  lake  basins  of  Maine,  whether  by 
erosion  or  not ;  of  tlie  scarcity  of  organic  matter  in  or  beneath 
the  till;  of  the  probable  rarity  of  sub-glacial  streams;  and, 
tlience,  of  the  small  amount  of  glacial  erosion  in  Maine.  The 
average  depth  of  the  till  is  stated  to  be  probably  between  30  and 
50  feet.  Tlie  rarity  of  sub-glacial  streams  is  sustained  for  the  fol 
lowing  reasons :  the  fact  that  no  stratified  deposits  and  only  a 
moderates  amount  of  jjlaciation  have  as  vet  been  found  in  or  be- 
neath  the  ground  moraine  ;  that  the  direction  of  the  valleys  is 
not  that  of  the  glacial  movement,  an<]  is  sometimes  transverse  to 
it ;  that  there  wen^  \\6  ])eaks  or  ridges  rising  above  the  glacier  to  oc- 
casion the  formation  of  crevasses ;  that  the  capping  of  ice  over  the 
hills  was  so  thick  that  the  ice  may  have  moved  intlependently  of 
the  hills  and  valleys  beneath  ;  and  that  the  pressure  of  ice  was  so 
great  that  the  lower  }»art  of  the  ice  could  hardly  have  been  sub- 
jected to  the  strains  necessary  for  making  crevasses. 

Another  reason  mentioned  is  that  no  j)ot-holes  have  been  found 
except  within  a  few  miles  of  the  sen.  Hut  no  pot-holes  could 
have  been  formed  from  th(»  fall  of  water  in  crevasses  while  the  ice 
was  in  motion.  In  borings  by  waters  to  make  a  cylindrical  pot- 
hole, the  tool  has  to  work  as  truly  about  a  center  as  in  the  use  of 
a  carpenter's  augur.  A  motion  of  even  a  yard  a  century  would 
elongate  it. 

2.  (Uariitl  p/n^tioniHun  an  tftt  Dehtirare,  —  Professor  G.  F. 
WRi(;ni\  in  a  pa])er  <»ii  the  age  of  tlie  Paleolith-bearing  gravel? 
ill  Trenton,  New  Jersey,  states  that  these  gravels  rise  to  about 
40  feet  above  j)resi'Ut  liiu'h-water  level,  (Tn»nton  being  at  the 
head  of  tide-water) ;  ;uul  that  the  Philadelphia  brick-clay,  which 
contains  occasional  bowlders,  has  a  height  of  I'iO  feet  above 
the  river — a  hoitrht  *' maintained  with  tolerable  constancy  up  the 
Delaware  as  far  as  Kaston,  when*  the  bod  of  the  river  is  l^' 
feet  abovi'  tide-level."  This  elay  *'  rests  uneonformably  U|K)n 
the  older  u'lavel  formations'"  In  the  I.ehigh  valley,  at  Hethlo- 
heuj,  a  few   miles  above  its  junction   with   the   Delaware  valley, 
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his  clay  contaius  scratched  pebbles,  and  overlies  coarse  gravel  at 
I  height  of  180  feet  above  tlie  river. 

Prolessor  Wright  remarks  that  the  area  of  the  part  of  the  Del- 
i\\'are  valley  that  was  covered  by  the  ice  was  not  far  from  6,000 
quare  miles,  and  that  the  thickness  of  the  ice  was  probably 
ibout  1,500  feet;  and,  furtlier,  that,  with  the  water  at  Trenton 
50  feet  deep,  as  the  clay-beds  would  seem  to  indicate,  the 
looked  river,  flowing  at  a  rate  at  least  five  miles  an  hour,  would 
lave  carried  off  all  the  ice  of  the  water-shed  in  500  days  or  about 
6  months.  lie  hence  conclud<?9  that,  as  this  rate  of  discharge  is 
liijhiy  improbable,  there  must  have  been  "a  depression  of  the 
eaion  to  the  extent  of  100  or  more  feet";  the  era  in  which  it 
ook  place  was  that  of  greatest  depression  during  the  Champlain 
n'rioil,  when  the  ice  was  most  rapidly  melting  away.  The  Tren- 
011  sjravels  are  referred  to  a  later  part  of  this  period. 

.1  Jirra-  Trias  of  ^Southwestern  Colorado  ;  by  K.  C.  Hills. 
Communicated). — The  Jura-Trias  period  of  Southwestern  Colo- 
•ado  is  divided  into  three  epochs,  not  always  clearly  defined  but 
i-ell  marked  on  the  liio  De  Las  Animas,  about  three  miles  above 
\nimas  City,  also  on  the  Kio  Dolores  about  10  miles  below  Kico. 
The  rocks  of  the  lower  epoch  are  exposed  on  the  l^ncompahgre, 
^an  Miguel,  Dolores,  La  Plata,  Animas  and  Florida.  They  con- 
ist  of  dark  brown  sandstone  and  conglomerate  and  brick-red 
aiidstone  and  shale  resting  comformably  upon  th(»  purplish  beds 
»f  the  l^ermo  Carboniferous. 

The  strata  aggn^gate  about  1,000  feet  in  thickness  and  are 
eeraincjlv  destitute  of  fossils. 

The  rocks  of  the  middle  epoch,  absent  on  the  Uncompahgre, 
>eirin  on  Leopard  Creek,  a  few  miles  north  of  its  junction  with 
he  San  Miguel,  and  reach  a  maximum  thickness  of  250  feet  on 
he  Animas.  On  the  upper  San  Miguel  the  lower  portion  oT  the 
»eds  is  generally  red  laminated  sandstoiu».  Elsewhere  they  con- 
ist  of  light  green  micaceous  sandstone  and  gray  and  drab  slaty 
nd  massive  sandstones  interstratified  with  calcareous  conglome- 
ate  which  predominates  in  the  upper  part  of  the  beds. 

It  varies  in  texture  from  a  typical  conglomerate  to  a  rock  in 
rhich  the  pebbles  are  so  small,  well-rounded  and  compactly 
emcnted  as  to  suggest,  at  first  glance,  an  0(>lite.  It  is  character- 
^ti^'  of  the  middle  series  and  generally  contains  fragments  of  bone 
n<i  teeth  of  saurians. 

In  the  light-colored  sandstone  indistinct  leaf  impressions  are,  in 
>me  places,  quite  numerous.  Tracks  of  a  diminutive  species  of 
mrian  occur  in  this  rock  on  the  San  Miguel ;  although  the  sau- 
an  remains  seem  to  be  confined  to  the  bands  of  conglomerate, 
leven  or  twelve  determinable  species  of  ])lants,  one  species  of 
anoid  and  one  Gastropod  have  been  obtained  from  this  division. 
The  upper  member  of  the  formation  consists  of  about  250  to 
)0  fieet  of  brick-red  sandstone,  absent  on  th(^  Uncompahgre  and 
m  Miguel.  Thus  far  it  has  yielded  oidy  one  s|»ecies  of  j)lant. 
The  rock  overlying  the  formation  on,  and  south  of,  the  Dolores 
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is  a  pinkish-colored  cross-grained  massive  sandstone.  It  underliei 
the  ^ray  sandstone  of  the  Dakota  group  and  is  briefly  alluded  t( 
by  Holmes.*  On  the  Unoompahgre  and  on  the  San  Miguel,  neai 
the  mouth  of  Leopard  Creek,  t1ie  Jura-trias  is  overlaid  by  i 
laminated  sandstone  of  like  color,  having  a  band  of  bituiiiinom 
limestone  about  7  feet  thick  at  the  base.  On  the  North  Fork  oi 
the  San  Miguel  the  sandstone  is  generally  gray  and  the  limestom 
is  from  20  to  40  feet  thick. 

This  group  is  slightly  unconformable  with  the  Jura-trias,  but, 
contrary  to  my  statement  in  a  previous  communication  on  tht 
subject,!  ^^  ^s  conformable  with  the  Cretaceous  and  more  likely  to 
be  Lower  Dakota  than  Jurassic. 

III.  Botany  and  Zoology. 

1.  Notes  oji  Graminecx;  by  Gkorgk  Bentham,  F.R.S.  Extract 
Jour.  Linnean  Society,  vol.  xix,  p.  14-134. — A  modest  title  tea 
most  important  essay,  in  which  this  veteran  botanist  sets  forth  the 
general  arrangement  he  has  made  of  the  genera  of  Grasses,  to 
appear  systematically  and  fully  in  the  ensuing  part  of  the  Genera 
Plantarum.  It  is  the  result  of  a  critical  study  of  the  whole  order. 
with  the  aid  of  unequalled  collections,  and  under  the  light  of  unex- 
ampled experience.  We  shall  not  attempt  an  analysis  of  that 
which  is  itself  an  analysis  of  an  extensive  work,  nor  touch  ujmn 
the  history  of  the  taxonomy  of  the  order,  which  Mr.  HtMitham 
succinctly  sketches,  nor  upon  his  view  of  the  homology  of  the 
tioral  organs  and  their  adjuncts,  which  has  been  discussed  in  a 
separate  paper  a  few  years  ago,  of  which  due  notice  was  tuken  iu 
this  Journal.  Botanists  do  not  need,  and  no  others  would  be  inter 
ested  in,  an  abstract  of  these  views  and  conclusions.  In  his  refer- 
ence to  the  morphology  of  the  lodicules,  Mr.  Bentham  hesitatai 
wliether  to  regard  them  as  bractlets  or  as  the  representatives  ol 
perianth.  His  main  objection  to  Hackel's  conclusion — that  they 
are  bractlets — is  their  fore  and  aft  position;  but  as  this  is  a  com 
mon  position  in  the  Mouocotyledones,  it  seems  rather  to  tell  in 
favor  of  Ilackel's  view. 

The  arrangement  of  the  genera  makes  some  new  associations 
and  representations  which  may  horrify  old-fashioned  agrostolo 
gists.  In  tlie  two  great  divisions  (which  are  those  of  B.  Browr 
with  a  ditference),  and  in  the  tribes  (14  in  number),  much  is  mad( 
of  articulation,  which  is  of  minor  importance  in  most  other  orders 
How  the  scheme  will  work  remains  to  be  seen.  It  is  not  probabk 
that  any  living  botanist  could  make  a  better  one.  The  reader  wil 
probably  be  surprised  to  learn  that,  predominant  as  Graminechm 
in  indiviijuals,  they  are  surpassed  by  the  Orehidexv  in  the  numki 
of  species.  a.  g. 

2.  Flora  jBrasiliensls, — The  Gramtntce  are  continued  by  Doel 
in  fasc.  s:{  [^Banihused  and  llonkacitt^,  the  latter  chiefly  Europeai 
species  naturalized  or  cultivated  in  Brazil):  fasc.  84,  a  large  one 
contains  the  crrcater  part  of  the  inonospennous  Ruhiacei.^  by  M"! 

*Hajdeu's  Report,  1875,  paj^e  liiJti.  f  This  Jouruul,  vol.  xix,  ISiiO, 
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ler  of  Geneva.  Palicourea  and  Cephaelis  are  reduced  to  Psycho- 
tria,  of  which  there  are  260  Brazilian  species,  although  Mapouria, 
with  68  species,  is  kept  distinct  and  made  to  include  GeophUa. 

A.  G. 

i.  Diagnoses  Plantanttn  novarum  Asiaticanim :  IV.  scripsit 
C.J.  Maximowicz.  Mel.  Biol.  Bull.  Acad.  Sci.  St.  Petersb.  1881. 
—It  is  pleasant  to  see  more  of  the  systematic  work  of  Maximowicz, 
especially  when  it  relates  to  Japan,  as  does  some  of  it  in  the  pres- 
ent fasciculus.  Jlypericiim  pyramidatiim  is  identified  with  H, 
Ascyron  and  with  the  Japanese  species;  H,  Japonicum  of  Japan, 
vith  n.  nnttUtim  ;  but  it  is  remarked  thai  the  species  in  question 
can  hardly  be  that  of  Linnaeus,  on  account  of  a  phrase  in  Mantissa, 
ii,  456.  We  certify  that  it  is  the  Linnean  plant,  and  also  the 
Gronovian.  And  by  tracing  back  the  unfortunate  addition  in  the 
Mantissa,  made  nearly  twenty  years  later:  "Folia  tam  arete  cauli 
appressa  ut  vix  conspicua,"  it  may  be  seen  that  Linnaeus  quoted 
Clayton's  remark  from  a  wrong  species;  and  moreover  that 
this  is  not  H.  Sarothra,  for  of  it  is  said,  "  caule  hirsuto."  It  is, 
Me^d^  II.  pihsum,  Walt.  A  synopsis  is  given  of  the  K.  Asian  spe- 
cies of  Euonymus  and  of  Celastrus^  and  both  are  made  feminine 
names,  the  former  on  the  authority  of  Pliny,  the  latter  on  that  of 
Theophrastus.  A  key  is  given  to  all  the  known  species  of  (Jhry- 
so^enium,  39  in  number;  also  of  TViosteum,  of  which  five  are 
now  known.  Lagotis  of  Gaertner  is  taken  up  in  place  of  Gym- 
nnndra  of  Pallas,  and  is  said  to  be  six  years  in  priority.  Two  E. 
Asian  species  are  added  to  Jioenigia,  and  the  genus  is  brought  very 
near  to  Polygonum.     Our  Osfiya  Virginica  is  identified  in  Japan. 

A.  G. 

4.  On  the  Power  possessed  by  Leaves  of  placing  themselves  at 
Right- An gl^  to  the  direction  of  Incident  Light ;   by  Francis 
Darwin.     Journal  of  the  Linn.  Soc,  no.  112  (vol.  xviii,  p.  420- 
455),  published  June,  1881,  read  Dec.  16,  1880. — Taking  up  this 
subject  where  it  was  left  by  his  father  and  himself  in  the  work  on 
"The  Power  of  Movement  in  Plants,"  Mr.  Francis  Darwin,  in  this 
paper,  records  his  investigations  and  experiments  made  with  a 
well  devised  modification  of  Sachs'  Klinostat,  with  tlie  view  of 
determining   whether    Frank's  or  DeVries's  explanation  of  the 
position  which  leaves  normally  assume  with  respect  to  the  light  is 
the  more  tenable.     While  the  vertical  position  assumed  by  the 
growing  plant's  axis  is  attributed  to  geotropism  and  heliotropism, 
Frank  attributes  the  position  taken  by  leaves  (with  one  face  to  the 
sky  and  the  other  to  the  ground)  to  transverse  geotropism  and 
transverse  heliotropism.     "An  organ  which  grows  trans verse-geo- 
Iropically,  places  itself  horizontally.  ...    In  the  same  way  a  trans- 
versely heliotropic  organ  has  an  inherent  tendency  to  place  itself  at 
right-angles  to,  instead  of  parallel  [as  does  the  stem]  to  the  direc- 
tion of  incident  light.     It  may  be  said  that  this  is  no  explanation 
at  all ;  and  this  is  true  in  a  certain  sense.     But  there  is  no  reason 
^hy  it  should  be  more  unsatisfactory  than  the  accepted  explana- 
tion of  the  vertical  growth  of  stems  and  roots,  namely,  that  they 
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liave  an  inherent  power  of  growing  in  these  directions." 
the  one  is  just  as  satisfactory  or  unsatisfactory  as  the  othei 
tenns  ''geotropisni,"  'Mieliotropisni,"  "apheliotropism"  a 
like,  transverse  or  otherwise, — now  a  numerous  brood, — an 
and  not  misleading  wlien  held  to  mean  only  that,  in  fact, 
"has  an  inlierent  tendency  to  be  horizontal"  or  "to  place  i 
right-angles  to  the  direction  of  incident  light"  and  "  the  hy] 
of  a  seedling  has  an  inherent  tendency  to  grow  verticj 
wards."  These  technical  terms  are  unsatisfactory  whe 
are  supposed  to  carry  more  explanation  than  the  sini}^ 
untechnical  statement  does.  But  do  leaves  take  their  pos 
virtue  of  an  inherent  tendency?  This  is  substantially  <leii 
DeVries,  or  at  least  he  maintains  that  the  assumption  is  n< 
for  that  it  may  be  a  result  of  an  antagonism  between  positi 
negative  heliotropic  and  geotropic  forces,  or  between  th( 
what  he  calls  epinasti/  and  hif2)0)mHty.  These  new  technica 
are  simple  in  meaning.  An  organ,  such  as  a  leaf,  is  epinasti 
the  upper  half  grows  in  length  more  than  the  lower,  and  th 
is  convexity  above  and  concavity  below,  or  downward  cur 
it  is  hyponastic  when  the  reverse  takes  place.  And  the  sug 
is,  that  the  horizontal  position  of  a  leaf  under  zenith  ilium 
may  be  due  simply  to  an  equilibrium  betwe(»n  two  or  mon^  < 
opposing  forces.  It  is  unnecessary  to  enter  into  j»artici 
how  this  obviously  might  produce  the  effect:  for  the  result 
PVancis  Darwin's  experiments  is  a  clear  disproof  of  D 
suggestion.  In  the  "  fundamental  experiment:  .  .  if  a  plant 
leaves  have  the  power  of  placing  themselves  at  right-an 
incident  light  is  growing  normally  in  the  open  air  and 
from  above,  its  leaves  will  be  horizontal.  T.et  the  ])laiit 
made  to  rotate  on  a  klinostat  [so  slowly  that  no  centrifuga 
will  be  j)rodueed,  but  rapidly  enough  to  destroy  all  ge 
action]  so  that  the  axis  of  rotation  coincides  with  the  axis 
plant.  And  let  the  direction  of  the  incident  rays  of  light 
allel  to  the  axis  of  rotation,  so  that  the  morphologically  up} 
of  the  leaves  is  illuminated  by  rays  striking  them  at  right- 
just  as  they  were  when  the  plant  grew  on  the  ground.  1 
the  normal  horizontal  position  is  the  result  of  a  balance  b 
geotr<»pism  (positive  or  negative)  and  any  other  force — ej 
hyponasty,  ])Ositive  or  negative  heliotro|)ism, — it  is  clea 
geotropism  being  destroyed  by  the  rotation,  the  brdance 
be  maintained."  The  ex])erinients,  varied  in  many  ways,  ai 
arrangements  to  eliminate  epinastic  and  hyponastic  tem 
plainly  bring  out  the  conclusion  "that  the  power  which 
nave  <>f  idacinir  themselves  at  ri<xht-aiiu:les  to  the  incident 
due  to  a  specialized  sensitiveness  to  light,  which  is  able  to  n 
or  govern  the  action  of  other  external  forces,  such  as  grav 
or  of  internal  forces,  such  as  e]nnasty." 

r>.    The  Bof mural  Collerfor's  ILutilh^ok.      Uy    \V.    Wi 
Bailkv,    Olney    Professor    of    Xat.     Hist.     (IJotany)     in 
University,  H.*  I.     Salem:   r>ates,  18S|.     pp.  i.ii),  1-Jmo.--' 
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II  of  The  Naturalist's  Handy  Series,  and  handy  it  is.  It 
tly  and  particularly  imparts  to  the  incipient  botanist  the 
lation  which  he  neMs,  and  which  he  will  not  find  much  of 
text-books  and  manuals, — how  to  herborize,  with  full  partic- 
and,  indeed,  figures,  of  all  the  implements  he  can  possibly 
e;  how  to  prepare  his  specimens  for  the  herbarium,  and  to 
;e  and  manage  the  same ;  what  books  are  most  needed  ; 
md  where  the  principal  public  herbaria  of  the  United  States 
le  Philadelphia  herbaria  omitted !) ;  and  there  are  special 
rs  on  the  management  of  the  Cryptogamia,  in  which  the 

has  been  much  assisted  by  specialists.  The  veteran  collec- 
larles  Wright,  contributes  the  article  on  the  preparation  of 
^ecp,  and  much  else  in  the  way  of  herborization  is  from  his 
experience.  The  book  appears  to  supply  a  recognized  and 
iing  want.  a.  g. 

lie  Oreenland  Flora. — A  year  hence  the  classical  Flora 
a  will  be  terminated  by  the  completion  of  the  seventeenth 
e.  The  work  will  contain  figures  of  4,000  species  of  plants, 
ndinavia,  including  Greenland  and  Iceland.  It  has  been 
bed  wholly  at  the  expense  of  the  King  of  Denmark,  and  is 
t  royal  work  indeed.    At  its  completion  the  plates  (in  folio) 

relate  to  Greenland  plants,  and  which  illustrate  its  whole 
ire  to  be  separately  issued,  with  a  brief  letter-press,  under 
\e  of  Icone%  Florae  Groenlandica\  As  this  flora  is  in  one 
American,  and  as  the  copies  of  the  whole  Flora  Danica  in 
lited  States  are  and  must  be  very  few,  we  take  pleasure  in 
icing  this  illustrated  Greenland  Flora  to  American  botan- 
•^ome  of  them  will  wish  to  possess  it.  The  price  of  un- 
i  copies  is  fixed  at  56  francs,  of  the  colored  at  236  francs, 
uld  be  added  that,  as  the  impression  is  strictly  limited, 
ition  should  be  maae  very  promptly.  The  editor,  Professor 
.ange,  Copenhagen,  informs  us  that  he  will  himself  receive 
iptions,  up  to  the  first  of  May  next.  a.  g. 

I  Memoir  on  the  Evhinodermata  of  the  Arctic  Sea  to  the 
^'  Greenland;  by  P.  Martin  Duncan  and  W.  PERcri'  Sla- 

Large  4to,  82  pp.,  six  lithographic  plates.  London,  John 
^oorst,  1881. — This  work  is  of  special  importance  to  Ameri- 
ituralists  interested  in  this  group  of  animals,  for  a  large 
•tion  of  the  species  treated  are  found  upon  the  New  Eng- 
oast.  •All  the  species  are  described  in  detail  and  nearly  all 
m  are  well  illustrated.  The  whole  number  of  species  is 
Seven  are  holothurians  ;*  of  these  all,  except,  perhaps, 
I  Barthii,  are  New  England  species,  and  the  latter  occurs 
orge's  Bank  and  off  Nova  Scotia.  Eight  of  the  ten  star- 
occur  on  the  New  England  coast,  the  ninth  { Aster acanthion 
ias]  polare)  occurs  in  the  Gulf  of  St.   Lawrence  and   off 

Scotia,  and  only  one  is,  so  far  as  known,  peculiar  to  the 

t  authors  have  included,  erroneously,  I  believe,  as  the  young  of  Cucumaria 
I,  the  form  that  is  regarded  by  me,  and  many  others,  as  a  distinct  species 
a  minuta). 

OUR.  Sci.— Third  Series,  Vol.  XXIII,  No.  135,-*Maroh,  1882, 
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Greenland  seas  {PediceUaater  palopocrystcdlus  Sladen)  ;  but  it  b 
possible  that  a  Pedicellaster  dredged  in  the  Gulf  of  St.  LawreoM 
several  years  ago,  by  Mr.  Whiteaves,  wRo  sent  me  a  s]>ecimen,  ii 
poor  condition,  for  examination,  is  identical.  Of  the  nine  ophiu^ 
ans,  including  Astrojy/n/tou  Af/assizii^  five  are  common  New  En^ 
laud  species ;  Ophioglypha  Stuwitlzii  occurs  on  the  Grand  Baob 
and  in  the  Gulf  of  St.  Lawrence  (Whiteaves) ;  Amphiura  HoUhiM 
occurs  in  the  Gulf  of  St.  Lawrence ;  while  Ophioctefi  Jitrkeum 
(Forbes)  and  Ophiopleura  arctica  Duncan  appear  to  be  confined 
to  the  arctic  waters.  The  latter  is,  however,  closely  related  to 
Ophioglypha  {Ophiopleura)  aurantiaca  V.,*  described  in  tbelut 
number  of  this  Journal,  which  has  been  taken  by  us,  several 
times,  off  the  south  coast  of  New  England.  This  genus,  there- 
fore, can  no  longer  be  regarded  as  peculiar  to  the  arctic  region. 
Of  the  three  crinoids  one  (Antedon  Eschrichtil)  is  recognized  M 
inhabiting  the  New  England  region,  for  it  is  common  on  the 
Banks  off  Nova  Scotia,  and  especially  off  Cape  Sable,  N.  S. ;  .1. 
celtica  Norm,  and  A,  proUxa  Sladen  are  not  known  from  our 
coast,  unless  the  latter  be  the  same  as  some  of  the  forms  that  1 
have  hitherto  called  A,  tSarsfi^  our  commonest  species,  wliich  it 
certainly  closely  resembles,  in  some  respects.  ' 

In  discussing  the  geographical  distribution  of  the  species  the 
authoi"s  recognize  the  large  number  of  species  that  extend  south- 
ward along  the  North  American  coast  to  Nova  Scotia,  Maine, 
etc.,  but  in  a  number  of  cases  the  range  on  our  coast,  as  deter- 
mined by  our  later  researches,  is  more  southern  than  they  give. 
Thus,  (Jnru7naria  [Pe h t< t eta]  J^ron dona,,  Pnolits  \ Lop/iofh uritf]  Pa- 
hrU'ii^  dteu'jdlscus  rornictdatus  Yz=zrri^patus\^  Ophiaoant/ta  »phoi- 
losa^  Astropht/(on  Agtisslzti  have  all  occuned  south  of  Cape  Cod; 
while  Stu'hnMtr  albfdfta,  Cribnifa  oridata^  Ophiogh/]th<i  S<trMh\ 
OphiopholiH  htiliH  \:=acule.ata\  are  conmion  as  far  south,  at  least, 
as  the  region  off  Chesapeake  Bay,  and  very  likely  will  be  foun<l 
to  go  much  farther  south,  along  the  Atlantic  rslope,  in  modenite 
depths.  Finally,  we  may  add  that  at  least  25  of  the  -M)  species 
(or  about  8:^  per  cent)  (extend  as  far  south  as  the  Gulf  of  St.  Law- 
rence and  Nova  Seotia;  '22  extend  to  the  Gulf  of  Maine  ;  11  pass 
to  the  south  of  Cape  Cod ;  5  extend  to  the  region  off  Chesapt»ake 
Bay.  A.   K.  V. 

8.  DiHrnvenj  of  a  ntrt  frenh-trater  HhdJ  (  Giuidlachia)  itt  trmtrrn 
yefr  York:  by  John  M.  Cookk — In  the  summer  of  4HSO  I  fcnniil 
several  individuals  of  tliis  genus  in  tlie  waters  of  a  "Sucker 
Brook/'  which  flows  through  the  vilhige  of  Canandaigua,  N.  Y. 
The  species  does  not  agree  either  with  (i.  Calif o^rnira^  nor  G, 
Meekfiiuii^  our  two  American  species.  Four  have  been  descril>ed 
])y  Pfeiffer  and  l^ourguigiiat  from  the  West  Indies.  The  sinvi- 
mens  which  \  found  wen;  in  a  pool  formed  in  th(;  summer  shrink- 
age of  the  stream.     In  the  last   season   1  wa<  unable  to  find  them 

♦Tliis  spo'Mes  was  ilescrilMMl  <p.  141)  as  an  Oph'wfhjitha,  but  it  is  evidi'iitk 
f(»npfeiu?ri<' with  ttphlo}tb:nio.  nrriir,i,  from  vvliidi  it  dillorfl  in  the  siiinllor  sizf  of 
flip  under  arm-plates.  tippiT  arm-spinrs  larj^tT  and  flatteneil.  difToronllv  slm^x-<] 
nioulli-sliiehis,  et**. 
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I.  Tliey  were  associated  with  Ancylns  anrl  otlier  common 
J,  and  it  is  in  the  hope  of  finding  them  in  the  future,  in  suffi- 
quantity  to  enable  me  to  make  a  study  of  the  animal  and  its 
listory,  that  I  defer  any  description  of  the  shell,  incomplete 
would  necessarily  be. 

examining  a  Quaternary  fresh-water  shell-marl  from  St. 
oa  Island,  off  the  coast  of  South  Carolina,  I  have  found  a 
rf?^icA^a  among  the  other  shells  —Ancyliis^  Planorbis^  Succifiea, 
Uuniy  etc.,  but  always  too  immature  to  be  identified  with  any 
es  existing  either  on  the  Continent  or  in  the  West  Indies, 
is  Mr.  Tiyon's  opinion,  as  well  as  this,  that  the  species  of  the 
iated  genera  mentioned  are  several  of  them  both  West 
in  and  Continental. 

is  interestinff,  therefore,  to  find  along  with  the  Gundlachia, 
?cies  {Pupa  (Vertigo)  hexadoii)  described  by  C.  B.  Adams 
Jamaica,  and  not  as  yet  identified  on  the  Continent.  It  was 
is  shell-marl  that  almost  the  entire  skeleton  of  a  Mastodon 
found,  about  fifteen  years  ago,  by  Capt.  C.  S.  Boutelle,  of 
7.  S.  Coast  Survey.  j.  m.  c. 

IV.    Miscellaneous  Sciextific  Intelligence. 

Minor  Planets, — Since  the  list  of  minor  planets  in  volume 
was  published,  there  have  been  added  thirteen  to  the  number. 

210  Isabella,  discovered  by  Palisa,     Nov.  12,  1879 

211  Tsolda,  "  Palisa,     Dec.    11,  1879 

212   •'  Palisa,     Feb.      6,  1880 

213  Lilaia,  ''  Peters,  Feb.  17,  1880 

214  Aschera,  '•  Palisa,  Mar.  1,  1880 

215  Oenone.  "  Knorre,  Apr.  7,  1880 
216 Palisa,  Apr.  10,  1880 

217    "  Coggia,  Aug.  30,  1880 

218    •*  Palisa,  Sept.  4,  1880 

219   "  Palisa,  Sept.  30,  1880 

220 "  Palisa,  Feb.  23,  1881 

221   '•  Palisa,     Jan.     18,  1882 

222   ••  Palisa,     Feb.      9,  1882 

e  following  names  have  been  given  to  planets  previously 
vered:    (204)    Kallisto;  (205)  Martha;  (207)  Hedda;  (208) 

'ihiosa.  H.  A.  N. 

Hailstorms.  —  A  letter  to  the  editors  from  Mr.  J.  A.  B. 
ER  (Athenieum,  Glasgow,  Scotland),  states  that  he  is  prepar- 
a  memoir  for  the  Meteorological  Society  on  "Hailstorms." 
isks  any  persons,  who  have  opportunities  of  observing  hail- 
us,  to  furnish  him  with  particular  of  them.  The  points  to 
irticularly  observed  are  :is  follows : 

7ate,  and  hour  of  the  day.  2.  Area  of  Uie  stonn,  if  it  assume  the  tornado 
pive  (a)  length  of  the  courrte.  (ft)  breadth.  <c)  direction  of  motion,  (d)  rate  of 
?ffsion.  3.  Physical  ffxUures  of  the  locality,  (a)  elevation,  (ft)  monntaius  nnd 
ii.<.  (c)  rivers  and  valleys,  (d)  forests.  &c.  4.  Temperature^  {a)  before  the 
(ft)  after  the  storm,  und  if  possible  to  be  observed,  (r)  changes  during  the 
5.  Bdro/netncal  rf-adinga  frequently  taken  during  time  of  liailstorms. 
lul,  (a)  direction  near  the  earth's  surface,  (ft)  direction  in  the  higher  regions 


5^  ^  ^S 


'.•KG  CLACILK 


THE 


IRICAN  JOUENAL  OF  SCIENCE. 


[THIRD     SERIES.] 


•  ♦•- 


XIV.— TV/e  Wings  of  Pterodactylps ;  (with   Plate  III), 
bv  Professor  O.  C.  Marsh. 

first  Pterosaurians  discovered  were  recognized  as 
limals,  but  were  thought  to  be  bats.  As  soon  as  their 
structure  became  known,  thev  were  classed  with  the 

although  it  was  considered  possible  that  their  power 

was  due  to  feathers.  Later,  their  bones  were  mis- 
r  those  of  Birds  by  various  experienced  anatomists, 
rs  regarded  them  as  sharing  important  characters  with 
ip.  Some  anatomists  however,  believed  that  the  fore 
Pterodactyle?  were  used  for  swimming,  rather  than  for 
id  this  view  has  found  supporters  within  the  present 

A  single  fortunate  discovery,  made  a  few  years 
IS  done  much  to  settle  the  question  as  to  the  wings  of 
ityles,  as  well  as  their  mode  of  flight,  and  it  is  the 
be  present  article  to  place  on  record  some  of  the  more 
It  facts  thus  brought  to  light. 

ipecimen  to  be  described  was  found  in  1873,  near 
It  Bavaria,  in  the  same  lithographic  slates  that  have 
Archceopterj/x^  Compsngnathiut,  and  so  many  other  Juras- 
Is  known  to  fame.  This  specimen,  which  represents 
«ciesof  the  genus  Rhamphorhynclnis,  is  in  a  remarkable 

preservation.  I^he  bones  of  the  skeleton  are  nearly 
losition,  and  those  of  both  winors  show  verv  perfect 
ons  of  volant  memhranes  still  attached  to  them.  More- 
B  extremity  of  the  long  tail  supported  a  separate  ver- 
mbrane,  which  was  evidently  used  as  a  rudder  in  flight 
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These  peculiar  features  are  well  shown   in   Plate  III,   which 
represents  the  fossil  in  the  natural  size. 

The  discovery  of  this  unique  specimen  naturally  attracted 
much  attention  at  the  time,  and  many  eflforts  were  made  to 
secure  it  for  European  museums.  The  writer  was  then  at 
work  on  the  toothless  Pterodactyles  which  he  had  recently 
found  in  the  Cretaceous  of  Kansas,  and  believing  the  present 
specimen  important  for  his  investigations,  sent  a  message  by 
cable  to  a  friend  in  Germany,  and  purchased  it  for  the  museum 
of  Yale  College,  where  it  is  now  deposited. 

The  Wing  Membranes. 

A  careful  examination  of  this  fossil  shows  that  the  patagium 
of  the  wings  was  a  thin  smooth  membrane,  very  similar  to 
that  of  modern  bats.  As  the  wings  were  partially  folded  at 
the  time  of  entombment,  the  volant  membranes  were  naturally 
contracted  into  folds,  and  the  surface  was  also  marked  by  deli- 
cate striae.  At  first  sight,  these  striae  might  readily  be  mis- 
taken for  a  thin  coating  of  hair,  but  on  closer  investigation 
they  are  seen  -to  be  minute  wrinkles  in  the  surface  of  the 
membranes,  the  under  side  of  which  is  exposed.  The  wing 
membranes  appear  to  have  been  attached  in  front  along  the 
entire  length  of  the  arm,  and  out  to  the  end  of  the  elongated 
wing  finger.  From  this  point,  the  outer  margin  curved  inwaid 
and  backward,  to  the  hind  foot. 

The  membrane  evidently  extended  from  the  hind  foot  to  near 
the  base  of  the  tail,  but  the  exact  outline  of  this  portion  can- 
not at  present  be  determined.  It  was  probably  not  far  from 
the  position  assigned  it  in  the  restoration  attempted  in  the 
cut  given  below,  figure  2.  The  attachment  of  the  inner 
marscin  of  the  membrane  to  the  body  was  doubtless  similar  to 
that  seen  in  bats  and  flying  squirrels. 

In  front  of  the  arm,  there  was  likewise  a  fold  of  the  skin 
extending  probably  from  near  the  shoulder  to  the  wrist,  as 
indicated  in  figure  2.  This  fold  enclosed  a  peculiar  bone 
(pteroid),  the  nature  and  function  of  which  will  be  discussed 
below  in  considering  the  osteology  of  this  part  of  the  skeleton^ 

The  Caudal  Membrane. 

The  greater  portion  of  the  tail  of  this  specimen  was  fr 
and  without  volant  attucliments.  The  distal  extremity,  ho 
ever,  including  the  last  sixteen  short  vertebrie,  supported  ^ 
vertical  membrane,  which  is  shown  in  Plate  III,  and  also  in  th^^ 
woodcut,  figure  1.  This  peculiar  caudal  appendage  was  <:>i 
somewhat  greater  thickness  than  the  patagial  membrane  of  th^ 
wings.     It  was  rhomboid  in  outline,  and  its  upper  and  lor^' 
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portions  were  slightly  unequal  in  form  and  size.  The  upper  part 
was  kept  in  position  by  a  aeries  of  spines,  sent  off  one  from  near 
the  middle  of  each  vertebral  centrum,  and  thus  clearly  repre- 
senting neural  spines.  The  lower  half  also  was  strengthened 
by  similar  spines,  which  descended  from  near  the  junction  of 
tbe  vertebra,  and  hence  were  homologous  with  chevron  bones. 
These  spines  were  cartilaginous,  and  flexible,  but  sui^icieDtly 
firm  in  texture  to  keep  the  membrane  in  an  upright  position. 


The  Scapular  Akch. 

The  osteology  of  the  scapular  arch  and  wings  of  Pterodactyles 
involves  many  interesting  points,  some  of  which  have  been 
discussed  by  anatomists  from  Cuvier  to  those  of  the  present 
day,  but  with  little  agreement  of  opinion.  The  cause  of  this 
di»ersiiy  of  opinion  is  mainly  due  to  tlie  fact  that  the  specimens 
',    eiamined    have  been   either   too  small  or   too   imperfect   for 

>  accurate  determination  of  their  more  obscure  pans     Fortun- 

*  ately,  the  museum  of  Yale  College  has  among  its  specimens  of 
i  Cretjceous  Pterodactyles  (some  600  in  all),  quitea  nuraberwith 
'  the  scapular  arch  and  wing-bones  nearly  perfect,  and  in  posi- 
,,   lion.    These  specimens  were  nearly  all  of  gigantic  size,  having 

>  in  life  a  spread  of  wings  from  fifteen  to  twenty  feet.  They 
J  were  also  destitute  of  teeth,  and  belong  to  the  order  Pterano- 
I   doiiiia.     Probably  their  great  sine  induced  «peeial  moditications 

*  of  the  scapular  arch,  which  is  here  far  more  complicated  than 
'    in  any  other  members  of  the  group. 

In  the  Jurassic  Pterodactyles,  the  scapula  is  usually  bird-like 

J   in  genera!  form  and  proportions,  the  upper  or  distal  extremity 

^   being  free  and  compressed.     This  is  the  ca.se  in   the  specimen 

bere  described.     The  scapula  and  coracoid  may  be  cotissified, 

'    IS  in  the  present  fossil,  or  remain  more  or  less  separate.     No 

clavicles  have  yet  been  found.     The  sternum  here  shows  no 

distinct  facets  for  sternal  ribs. 

In  the  Cretaceous  genus  Pteranodon,  and  probably  also  in 
some  of  the  other  gigantic  forms  from  deposits  of  this  age,  the 
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scapula  and  coracoid  were  not  only  solidly  united,  but 
pectoral  arch  was  further  strengthened  (1)  by  the  nnkylos 
several  vertebrae,  and  (2)  by  the  robust  ac  ipuloe  articuh 
on  opposite  sides  of  the  common  neural  spine  of  these  verte 
This  IS  virtually  a  repetition  of  the  pelvic  arch,  on  a  n 
larger  scale.  The  sternum  also  is  massive,  and  shows 
marked  facets  for  the  sternal  ribs.  This  peculiar  methc 
strengthening  the  scapular  arch  has  not  been  observed  in 
other  vertebrates. 

The  Wing  Bones. 

The  three  principal  bones  of  the  arm  (humerus,  radius, 
ulna),  present  such  similar  characters  in  all  Pterodactyles, 
they  need  not  be  considered  here  in  detail.    It  is  important,  1: 
ever,  to  bear  in  mind  that  the  ulna,  although  but  little  la 
than  the  radius,  contributes  the  greater  share  of  direct  suppo 
the  enormously  developed  wing  finger,  which  is  on  the  o 
or  ulnar  side  of  the  hand.     As  this  position  has  been  a  qnes 
of  discussion  among  anatomists,  it  may  be  well  to  state, 
the  writer  bases  his  opinion   upon   this  point  on  the  result 
an  examination  of  the  best  preserved  specimens  in  Euro|: 
museums,  as  well  as  nearlv  all  known  in  this  country, 
latter  specimens  settle  the  question  beyond  doubt. 

The  views  expressed  by  anatomists  in  regard  to  the  bone 
the  wrist  and  hand  of  Pterodactyles  are  almost  as  various 
the  specimens  investigated.  Some  of  the  restorations  of  tl 
parts  that  have  been  published   from   time   to  time,  and 

f)eated  in  text  books,  have  done  much  to  ])ropagate  errors, 
ittle  to  clear  away   the  serious  difficulties  in   the  case, 
main  facts  in  regard  to  the  carpus  now  known  may  be  bri 
stated  as  follows : 

In  all  Pterodactyles,  there  are  two  principal  carpal  bo 
placed  one  above  the  other.  These  sometimes  show  iiu] 
tions  of  being  composite,  but  their  constituent  part*?  have 
been  satisfactorily  determined.  On  the  inner  side  of  the  w 
articulating  with  the  dista!  carpal,  there  is  a  smaller  I 
which  has  been  called  the  ''lateral  carpal."  In  additior 
these  three  bones,  some  American  Pterodactyles  have  on 
inner  side  three  ossicles,  which  may  be  sesamoid  bones.  \ 
of  these  have  been  seen  in  a  few  Jurassic  forms  in  Eur 
Beside  these,  there  is  often  found  on  the  radial  side  of 
wrist  and  sometimes  attached  to  it,  a  long,  slender  sty 
bone,  having  a  rounded  articular  head  on  its  carpal  extr 
itv.  This  is  the  so-called  "  ptcroid  bone,"  to  which  alluj 
has  already  been  made  above.  This  bone  and  the  'Mat" 
carpal"  which  supports  it  arc  usually  placed  by  anatomists 
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ihe  outer  or  ulnar  side,  but  American  specimens  prove  conclu- 
sively that  they  belong  on  the  radial  side. 

The  nature  of  the  so-called  pteroid  bone  has  been  much 
discussed,  but  without  a  satisfactory  conclusion.  After  a  care- 
ful study  of  many  specimens,  the  writer  is  disposed  to  regard 
it,  not  as  an  ossified  tendon,  but  as  a  part  of  ihe  first  digit,  or 
thumb,  which  is  usually  considered  wanting  in  Pterodactyles. 
According  to  this  view,  the  "lateral  carpal"  would  probably 
be  the  metacarpal  of  the  same  digit.  In  favor  of  this  interpre- 
tation, it  may  be  said — 

(I.)  That  the  position  and  structure  of  this  appendage  of  the 
carpus  correspond  closely  with  that  of  the  first  digit  in  some 
other  reptiles,  for  example,  fguanodon. 

(2.)  The  ** lateral  carpal''  unites  both  with  the  distal  carpal 
and  with  the  '* pteroid"  by  very  free,  well-defined  articulations. 

(3.)  In  American  specimens,  the  ** lateral  carpal"  stands 
nearly  at  right  angles  to  the  wrist,  and  the  "pteroid  "  is  much 
bent  near  its  articular  end. 

(4.)  In  no  Pterodactyle  known  is  there  any  remnant  of  a 
digit  outside  the  wing  finger,  where  the  membrane  might  be 
expected  to  retain  it. 

(5.)  This  view  would  make  the  wing  finger  the  fifth  digit,  the 
same  to  which  the  membrane  is  attached  in  the  hind  foot. 

Perhaps  the  strongest  objection  against  this  interpretation  is 
the  number  of  phalanges  in  the  respective  digits  of  the  hand. 
These,  however,  are  not  constant  in  the  known  Pterodactyles, 
and  they  vary  much  in  other  reptiles  which  have  the  digits 
highly  specialized.  This  subject  will  be  more  fully  discussed 
by  the  writer  elsewhere. 

According  to  the  abov^e  interpretation,  there  are  five  digits  in 
the  hand  of  Pterodactyles,  although  not  the  five  often  given  in 
restorations.  The  first  digit,  the  elements  of  which  have  been 
considered,  undoubtedly  supported  a  membrane  in  front  of  the 
arm.  The  second,  third,  and  fourth  are  small,  and  armed  with 
claws.  The  large  wing  finger  is  the  fifth,  corresponding  to  the 
little  finger  of  the  human  hand. 

The  metacarpal  bones  are  much  elongated  in  the  Pterodac- 
tyles with  short  tails,  and  quite  short  in  those,  like  the  present 
specimen,  that  have  the  tail  long.  The  metacarpal  of  the  wing 
finger  is  always  large,  and  robust,  while  those  of  the  claw-bear- 
ing digits  are  usually  quite  slender.  In  Pteranoclou^  the  second 
metacarpal  is  a  slender  thread  of  bone,  throughout  most  of  the 
length,  while  the  third  and  fourth  are  attenuated  splint  bones, 
incomplete  above. 

The  phalanges  of  the  three  middle  digits  are  quite  short,  and 
the  terminal  ones  supported  sharj)  claws.  The  wing  finger  has 
four  greatly  elongated  phalanges,  the  last  being  a  styloid  bone. 
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without  a  claw.  This  digit  is  well  shown  in  the  right  wing 
represented  in  Plate  III,  and  also  in  the  restoration,  giren 
below,  in  6gure  2. 

In  the  restorntioii  here  attempted,  the  writer  has  endeavored 
to  reproduce  (1)  the  purt-i  actually  present  or  clearly  indicated 
in  the  specimen  described,  and  (2)  those  which  the  former 
seemed  to  require  to  complete  the  outward  form  in  life.    The 


membrane  at  the  base  of  the  tail  may  have  been  somewhat  less 
in  extent,  and  the  fold  of.  the  skin  above  the  fore-arm  either 
more  or  less  developed   than   here  represenied,  but  the  facls  ' 
now  known  render  the  outlines  here  given  more  than  prohahle. 
The  hands  are  represented  with  the  palms  forward. 

The  present  species  appears  to  be  most  nearly  related  to 
Rhampkorhi/"chii.i  (iFmminfii,  von  Meyer,  from  the  pame  geo- 
logical horizon,  and  near  the  same  locality.  That  it  is  quite 
distinct,  however,  is  shown,  aside  from  the  difference  in  size, 
by  the  complete  ankylosis  of  the  scapula  and  coracoid,  and  by 
the  fifth  digit  i>f  the  hind  foot  being  well  developed,  and  hav- 
ing three  phalanges.  In  the  n&me  Rltnmphorhynclms  phylbirus. 
here  proposed  for  the  spooie.s,  the  latter  designation  refers  to 
the  leaf-i^haped  eaudal  appendage,  which  appears  to  be  one  of 
its  most  characli'ristic  features. 

For  the  long  dolay  in  the  description  of  this  important 
European  specimen,  the  writer  can  only  plead  Vfrnhnrrns  lits 
richessea  nearer  home. 

Yale  Callogo,  S.-W  [li>v.-n.  M.iroli  H.  IRR2. 

KXI'I.AXATHIN-   OF   I'I,.\TK   111. 
Illmmi-h^irhyuchw  ph :,ll',rn.-.  Mnrsh.     N'ntiimt  «i7.e. 
Thp  Bniiral  lien  ii|>nii  tlie  li,ic-k.  unit  llii'  iniciiT  aiirfnfCs  of  the  wiiiK  inpnibrane^ 
Hre  oxpoHeil.     Tlio  cuiicIkI  tiii'mlininc  i^  it-i-n  Frcmi  llir  Ipft  side. 
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Art.  XXV. — On  Sandstones  having  the  grains  in  part  Quartz 
Crystals;  by  Kev.  A.  A.  YouNG,  of  New  Lisbon,  Wisconsin. 

Ik  the  Potsdam  sandstone  of  the  vicinity  of  New  Lisbon, 
Wisconsin,  and  the  St.  Peters  sandstone  of  Grant  County  in 
the  same  State,  I  have  found  many  of  the  quartz  grains  to  be 
true  quartz  crystals  with  polished  faces.    On  mounting  some  of 
the  grains  in  balsam,  and  then  examining  them  with  the  micro- 
scope, many  were  found  to  have  well-defined  nuclei  of  varying 
sizi'S,  proving  that  the  crystalline  form  was  produced  by  the 
finishing  out  of  original  irregular  grains  of  the  sand-bed,  which 
are  now  the  kernels  of  the  crystals,  thus  according  with  obser- 
vations by  Mr.  Sorby,  as  described  in  his  Presidential  address, 
of  1880,  before  the  Geological  Society.    Some  of  the  kernels  are 
quite  translucent,  others  nearly  opaque,  and  occasionally  one 
has  a  needle  of  rutile  (?)  which  does  not  extend  beyond. 


Art.   XXVL — Notes  on  American  Earthquakes:  No.   11;   by 
Professor  C.  G.  Eockwood,  Jr.,  Ph.D.,  Princeton,  N.  J. 

This  article  embodies  such  information  as  the  author  has 
obtained  in  regard  to  the  earthquakes  which  occurred  upon  the 
American  continent  and  adjacent  islands  during  the  year  1881, 
with  notice  of  some  earlier  shocks  not  previously  reported. 
Items  which  depend  upon  single  sources  of  information  have 
iheir  source  indicated,  and  if  regarded  as  doubtful  are  printed 
in  smaller  type. 

For  assistnnce  in  collecting  information  the  author  is 
indebted  to  J.  M.  Batchelder,  Esq.,  of  Boston,  to  President  J. 
W.  Dawson,  of  Montreal,  and  to  the  Superintendent  of  the 
Meteorological  Service  at  Toronto.  The  Monthly  Weather 
Review  of  the  U.  S.  Signal  Service  has  also  furnished  valuable 
information. 

1880. 

Sept.  28. — 6  P.  M.  Three  heavy  shocks  on  the  island  of  Uka- 
niok,  Alaska  (55°  48'  X.,  155°  34'  W.) ;  the  first  in  noith-south 
direction,  the  others  west-east ;  9  p.  m.,  severe  shock  from  W.  to 
E.  29th,  3  A.  M.  and  1  i\  m.,  heavy  shocks  from  W.  to  E. 
"From  the  commencement  of  this  phenomena,  Sept.  28th,  until- 
it?  subsidence,  Oct.  16th,  there  was  an  uninterrupted  trembling 
motion  of  the  earth,  interspersed  with  heavy,  subterranean,  rum- 
bling sounds.  During  a  short  trip  over  a  portion  of  the  island, 
on  8ept.  29th,  deep  fissures,  with  a  width  of  from  fifteen  to 
twenty  inches  were  found  to  be  very  numerous."  The  above  is 
reported  by  Mr.  A.  Newlander,  at  that  time  a  resident  of  the  isl- 
and.— ir.  JS.  Weath.  Bev. 
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Oct.  26  to  29.     In  regard  to  the  earthquake  shocks  of  these 
dates  in  Alaska  (already  reported,  vol.  xxi,  p.  201),  the  following 
details  of  separate  shocks  are  given  by  the  »Sitka  correspondent  of 
an  Oregon  paper,  as  are  also  the  two  succeeding  items  in  Novem- 
ber: Oct.  26th,  1.20  p.  M.,  very  severe  shock,  east-west;  2.14  p.m. 
and  8.46  p.  m.,  slight  shocks ;    27th,  5.35  a.  m.,  two  short   and 
sharp  shocks,  east-west;  9.15  v,  m.,  sharp  shock,  S.W.  to  N.E.; 
11.04  p.  M.   and   11.45  p.  M.,  slight  shocks,  east-west.     29th,  1.05 
A.  M.,  a  shock ;  6.38  a.  M.,  a  sharp  shock,  S.E.  to  N.W.,  with  rum- 
bling noise;    11.58  p.   m.,  three  shocks,  N.E.  to   S.W. —  U,  H 
Weath,  Rev. 

Nov.  13. — 5.28  A.  M.     A  shock  at  Sitka. —  U,  S.  Weath,  Rev. 

Nov.  14. — 5.50  A.  M.  Two  shocks  at  Sitka,  N.E.  to  S.W.—C 
S,  Weath.  Rev. 

1881. 

Jan.  1. — 6.55  p.  m.  A  shock  at  lied  Hhifi,  Cal. ;  vibratiuo, 
north-south. —  U,  S.  Weath.  Rev. 

Jan.  5  to  7.  At  Hainbridge  Island,  W.  T.  (47°  42'  N.,  122°  31' 
W.);  slight  shocks  at  10.56  p.  m.  of  5th;  at  4.20  P.  M.  of  6lh, 
and  at  10.16  p.  m.  of  7th. —  V.  K  Weath.  Rev. 

Jan.  6. — 6.25  p.  m.  A  shock  at  lied  Bluft*,  Cal. ;  vibratioiib, 
N.W.  to  S.E.— 6:  ^'.  Weath.  Rev. 

Jan.  7. — 6.15  a.  m.  Slight  shock  at  C'anipo,  Cal. —  U.  8.  Weiitk 
Rev. 

Jan.  16. — 11  P.  M.  Slight  shock  at  Bainbridge  Island,  W.  T. 
—  r/.  S,  Weath.  Rev. 

Jan.  20. — 9.40  p.  m.  The  shock  felt  in  the  vicinity  of  Bath  and 
Brunswick,  Me.  (vol.  xxi,  p.  202),  was  accompanied  by  a  rum- 
bling noise. 

Jan.  24.  Three  shocks  felt  at  San  Francisco  and  Oakland,  Cal. 
At  the  former  place  the  times  were  stated  as  8.54  p.  m.,  9.15  r.  M., 
and  11.15  p.  m.,  and  the  direction  N.W.  to  S.E.  At  Oakland  the 
first  and  second  shocks  were  accompanied  by  a  low  rumbling, 
and  the  direction  is  stated  to  have  been  S.W.  to  N.E. 

Jan.  30. — 9.45  p.  m.  A  slight  shock  at  Bainbridge  Island,  W. 
T.—  U.  S.  Weath.  Rtv. 

Feb.  1.  At  Visalia,  Cal,  at  4.11  p.  m.,  three  shocks  lasting 
altogether  about  two  secf)nds,  an<l  at  i^.53  p.  m.  two  nH)re  shocb. 
Motion,  S.E.  to  N.W.— ^^  S.  Weaf/i.  Rev. 

Feb.  2.— A  slight  shock  from  uorth  to  south  at  Salmus  City.  Ca\.—  U.  S.Wmth. 
Rev. 

Y^^\y^  2. — About  4  A.  M.  a  slight  shock  at  Boston.  Mass. — J.  M.  B. 

Pe>j.  3. — 4  A.  M.     A  loud  report  ami  shock  at  Plymoutli.  Mass. — J.  M.  B. 

Fob.  4.— Loud  report  and  earthquake  shock  at  (Jroonlan*!  and  Stratham,  N.  H. 

P(j^j   12. — A  sliock  at  ]\»rtsnioutli,  N.  II. — ./.  M.  B. 

Feb.  14.  A  slight  shock  :it  Fkiah,  Cal.,  ^^  about  one  o\lockf 
direction,  east-west. — San  Franrisat  ('hronlde. 

Feb.  20. — 10.55  p.  M.     Slight  shock  at  Augusta,  yU\—Axt(tu^<i 
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March  14. — 10.30  p.  m.  Slight  shock  at  Bainbridge  Island,  W. 
. ;  daratioD,  thirty  seconds. —  U,  S.  Weath.  Hev, 

March  18. — 9.30  p.  m.  Four  slight  shocks  at  Schenectady,  N. 
l—N.  Y.  Times, 

Uarch  25.     About  7  p.  m.  a  slight  shock  at  Hebron,  Utah,  and 
.'ioche,  Nev. 
April  3.--4.52  A.  M.     Slight  shock  at  Antrim,  N.  H.-^U.  X  Weath.  Rev. 

April  5. — 9.30  a.  m.  At  San  Cristobal,  Cuba,  a  slight  shock  in 
lirection  S.E.  to  N.  W. 

April  7.  At  midnight  on  the  morning  of  the  7th,  a  shock  at 
It.  Paul's  Bay,  on  the  St.  Lawrence  River,  Quebec. 

April  10.  About  2  a.  m.  several  severe  earthquake  shocks  were 
elt  m  Central  California.  The  district  affected  was  from  Sacra- 
lento,  on  the  north,  to  Visalia,  on  the  south,  and  from  the  Sierra 
Tevada  to  the  coast.  The  time  is  variously  stated  from  2  a.  m. 
3  2.15  a.  m.,  and  the  direction  at  most  places  was  east-west. 
Lt  Sacramento  and  Merced  there  were  two,  and  at  Watsonville 
)ur  shocks. 

April  20.  Shocks  felt  at  Goshen,  Indiana,  with  heavy  rum- 
ling. 

April  21. — 1 1.30  a.  m.  A  heavy  shock,  accompanied  by  a  rum- 
ling  noise,  was  felt  at  Port  Jefferson,  X.  Y. — 1\.  Y.  Tribune, 

April  21.  A  sharp  eai*thquake  shock  in  the  Hawaiian  Islands. 
-San  Francisco  Chronicle, 

April  23.  A  passenger  arriving  on  this  date  at  New  Orleans, 
rom  Belize,  British  Honduras,  states  that  a  number  of  severe 
arthquake  shocks  had  recently  occurred  there  and  along  the 
oast  of  Spanish  Honduras ;  especially  one  that  occurred  three  or 
our  weeks  previous  had  injured  houses  in  Belize. — N.   Y,  Times, 

April  24.  The  New  York  Tribune  of  this  date  speaks  of  a  '*  recent ''  earth- 
ualce  shock  in  Colorado,  most  severe  in  the  vicinity  of  the  Twin  Lakes.  No 
ther  report  of  it  has  come  to  hand. 

April  27. — 9.10  p.  m.     A  shock  at  Los  Angeles,  Cal. ;  direction, 
>.W.  to  N.E. ;  duration,  two  seconds. —  U.  *s'.  Weath.  Rev. 
May  17.     During  the  night  a   shock   in  Hayti,   causing  several    landsHps. — 

May  18.  At  Contoocook,  N.  H.,  two  shocks,  at  12.20  a.  m.  and 
>etween  3  and  4  a.  m. 

May  1 9.  About  9  a.  m.  slight  shock  at  Lawrence,  Kan. — Laic- 
ence  Journal, 

May  27.  A  shock  at  La  Salle,  Ind.,  in  the  early  morning, 
>efore  day. 

May  31. — 3.20  a.  m.  A  heavy  shock  at  Murray  Bay  and 
icinity,  on  the  St.  Lawrence  River,  sixty  miles  below  Quel)ec. 

June  8.  *'0n  the  night  of  the  Hth  "  four  shocks,  one  quite 
evere,  at  Greytown,  Nicaragua. — •/.  M,  Ji, 

June  19.     In  the  morning  a  slight  shock  at  Ottawa,  Ont. 
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June  1 9.-3.35  a.  m.  At  Newburyport,  Mass.,  a  rumbling  and 
shaking,  lasting  some  seconds. 

June  20. — 1 1  a.  m.  Two  shocks,  each  lasting  about  ten  8e^ 
onds,  at  Nickerie,  Dutch  Guiana.  Tliey  were  preceded,  accoit- 
panied  and  followed  by  a  rumbling  sound.  Barometer,  30i6 
mches  ;  thermometer,  86°. —  U,  W.  Weath.  Rev. 

June  24  and  25.     Earthquake  at  St.  Vincents,  (W.  l.)—Natun. 
June  29.     Earthquake  in  Trinidad,  (W.  I.) — Nature, 

June  30. — 8  a.  m.  A  sharp  shock  at  Campo,  Cal. ;  directioo, 
S.E.  to  N.W.,  preceded  and  accompanied  by  a  rumbling  noise.— 
[T.  S.  Weath,  Rev, 

July  2. — 1 1  p.  M.  A  shock  at  San  Juan,  San  Benito  Co.,  Cal 
— San  Francisco  Chronicle, 

July  3. — 2.10  A.  M.  A  heavy  earthquake  at  Hanford  aud 
Visalia,  Cal. ;  vibration,  west-east  in  both  places,  accompanied  bv 
subterranean  noises. — San  Francisco  Chronicle, 

July  5  and  7.     Earthquakes  in  Hayti,  W.  I. — Nature. 

July  31. — 9.45  p.  m.  A  slight  shock  at  Bangor,  Me.,  and 
vicinity,  felt  as  far  distant  as  Dover  and  Augusta. 

Aug.  13.     An  earthquake  at  Candoba  (Cordova?),  Mexico.— 
San  Francisco  Chronicle. 
Aug.  13.     A  Bhock  at  Contoocook,  N.  H.,  io  the  early  morning. — J.  M.  B, 

Aug.  29.  A  little  after  11  p.  m.  a  slitrht  shock  at  Hillsboro, 
Ohio,  and  vicinity. 

Aug.  30. — 7  p.  M.  Two  slight  shocks  at  Santa  Barbara,  Cal; 
direction,  north-south. —  V.  S.  Weath.  Rev. 

Sept.  13.     Violent  shocks   in  Maui,  Hawaiian  Islands. —  T.  .^ 
Weath.  Rev. 

Sept.  18. — 5.20  p.  M.  A  severe  shock  at  San  Francisco,  Cat ; 
motion,  west-east;  duration,  live  seconds;  felt  also  slightly  it 
Angel  Island. 

Sept.  25.     A  sliglit  shock  at  Klmira,  N.  Y.,  procoding  a  violent  storm. 

Sept.  30.  About  5  a.  m.  a  severe  and  destructive  earthquake 
shock  occurred  in  the  Hawaiian  Islands,  followed  after  a  few 
minutes  by  a  second  shock  somewhat  less  severe.  The  first  shock 
was  reported  from  Honolulu  at  4.53  a.  m.  Light  shocks  were  felt 
through  that  day  and  three  moderate  ones  on  Oct.  1st;  and  tbe 
lighter  tremblings  continue*^  through  Oct.  3d.  The  earthquake 
appears  to  havi*  been  most  destructive  in  the  two  Konas  where 
many  buildings  and  cisterns  were  injured. 

Oct  1. — 1.40  A.  M.     A  strong  shock   occurred   at   Kamouraski, 
Quebec,  on  the  south  side  of  the  St.  Lawrence  Rive?*.     It  maybe 
remarktMl    that    twice    before    during    the    year    (April    7  and 
May  31),  this  same  vicinity   had   been   shaken.     St.    Paul's  Ray  ' 
and  Murray  Buy  are  nearly  opposite  Kamouraska. 

Oct.  2. — 9  A.  M.  A  sharp  sliock  at  Canipo,  Cal.,  accompanied 
by  a  heavy  rumbling  sound;  direction,  S.E.  to  N.W. ;  duration, 
eig'ht  to  ten  seconds. —  U.  S.  Weath.  Rev. 
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Oct.  2. — 1.30  p.  M.  A  light  shock  at  Chilcoot,  Alaska. —  U,  S. 
Weath.  Rei\ 

Oct.  6.  A  little  after  midnight,  on  the  morning  of  this  day,  a 
slight  shock  was  felt  at  Concord  and  Bristol,  and  other  neighbor- 
bg  places  in  New  Hampshire;  direction,  east-west,  and  accom- 
panied by  a  rumbling  noise. 

Oct.  6. — 11  A.  M.  A  light  shock  at  Chilcoot,  Alaska. —  U.  S. 
Weath,  Rev, 

Oct.  21. — 7  p.  M.  At  Virginia  City,  Nev.,  two  shocks,  each 
lasting  about  two  seconds;  direction,  S.W.  to  N.E.  The  same 
ihock  was  reported  from  Carson  City  at  6.41  p.  m.  ;  direction, 
5outh-north. 

Oct.  31. — 1.40  A.  M.  A  slight  shock  at  Contoocook,  Henniker, 
Deering  and  Hillsboro,  N.  H. 

Nov.  9. —10.10  A.  M.  Two  sharp  shocks  at  Virginia  City  and 
ZJarson,  Nev.,  from  the  south. 

Nov.  11. — 4  p.  M.  and  Nov.  13,  11.20  p.  m.  Slight  shocks  at 
5au  Francisco,  Cal. —  U.  S,  Weath,  Rev, 

Nov.  13.     An  earthquake  at  Iquique,  Chili. — Nature, 

Nov.  15.     Severe  shock  at  noon  at  San  Jos6,  Oal. — N,  Y,  THmes, 

Dec.  4. — 6.30  p.  m.  A  slight  shock  at  Huntingdon,  Quebec; 
direction,  west-east. 

Dec.  7.     A  heavy  shock  at  Eureka.  Nev. —  U.  S,  Weath,  Rev, 

Dec.  16. — 4  p.  M.  A  slight  shock  at  Dorchester,  Mass. ;  felt 
>nly  in  a  small  district. — J.  M.  B, 

Dec.  26. — 11.45  p.  m.  A  slight  shock  at  Kingston,  Jamaica. — 
II  S,  Weath,  Rev, 

The  above  record  includes  notices  of  seventy-one  distinct  earth- 
juakes,  of  which  ten  are  in  small  type.  They  may  be  classified 
geographically  as  follows : 


Canada, 5 

^ew  EDgland, 14 

Ulantic  States, _ 3 

Ifississippi  Valley, 5 

Pacific  Coast, 30 

Mexico  and  Central  America, 3 


West  Indies, 6 

Guiana, 1 

Chili 1 

Hawaiian  Islands, 3 

Total, _ 71 


Of  the  ten  doubtful  items,  six  are  in  New  England. 

In  reviewing  the  list  it  will  be  noticed  that  no  earthquake  dur- 
ng  the  year  has  affected  any  wide  extent  of  country,  those  of 
\pril  10th,  in 'California,  and  Sept.  30th,  in  the  Hawaiian  Islands, 
>eing  the  most  extensive.  Also  none  (unless  the  one  just  men- 
iioned)  has  caused  any  notable  damage  to  buildings  or  prop- 
irty.  It  is  worthy  of  mention  also  that  there  are  only  two  items 
rom  South  America  (June  20,  Guiana,  and  Nov.  13,  Chili).  Has 
,he  Chili-Peruvian  war  interfered  with  our  usual  channels  of 
nformation,  or  caused  any  earthquakes  there  to  be  unreported? 

Princeton,  Feb.  27,  1882. 
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Art.  XXVIL — Notes  on  the  Electromagnetic  Theory  of  Light; 
by  J.  WiLLARi)  GiBBS,  Professor  of  Mathematicar  Physicg; 
in  Yale  College.  No.  I.  On  Double  Refraction  and  the  Dih 
persion  of  Gulors  in  perfectly  transparent  Media. 

1.  In  calculating  the  velocity  of  a  system  of  plane  waves  of] 
homogeneous  light,  regarded  as  oscillating  electrical  fluxes^  in 
transparent  and  sensibly  homogeneous  bodies,  whether  singlj 
or  doubly  refracting,  we  may  assume  that  such  a  body  is  i 
very  fine-grained  structure,  so  that  it  can  be  divided  into  parts' 
having  their  dimensions  very  small    in    comparison  witb  thei 
wave-length,  each  of  which  may  be  regarded  as  entirely  similar -j 
to  every  other,  while  in  the  interior  of  each  there  are  wiHedif-J 
ferences  in  electrical  as  in  other  physical  properties.     Hencc^ 
the  average  elecirical  displacement  in  such  parts  of  thebodj 
may  be  expressed  as  a  function  of  the  time  and  the  coordinates 
of  position  by  the  ordinary  equations  of  wave-motion,  while  the 
real  displacement  at  any  point  will  in  general  differ  greatly  from 
that  represented  by  such  equations. 

It  is  the  object  of  this  paper  to  investigate  the   velocity  of] 
light  in  perfectly  transparent  media  which   have  not  the  prop, 
erty  of  circular  polarization  in  a  manner  which  shall  take  afr 
count  of   this  difference  between    the  real    displacements  and 
those  represented  by  the   ordinary  equations  of  wave-motioa 
We  shall  find  that  this  difference  will  account  for  the  disper- j 
sion  of  colors,  without  afVectinor  the  validity   of  the  laws  i\ 
Huyghens  and  Fresnel  for   double    refraction  with  respect  to 
light  of  any  one  color. 

In  this  investigation,  it  is  assumed  that  the  electrical  displace-i 
ments  are  solenoidal^  or,  in  other  words,  that  they  are  sockj 
as  not  to  produce  any  change  in  electrical  density.  Thedis-f 
turbance  in  the  medium  is  treated  as  consisting  entirely  of  such; 
electrical  displacements  and  fluxes,  and  not  complicated  byanji 
distinctively  magnetic  phenomena.  It  might  therefore  be  mon^ 
accurate  to  call  the  theory  (as  here  developed)  electrical  ratherj 
than  electromagnetic.  The  latter  term  is  nevertheless  retained 
in  accordance  with  general  usage,  and  with  that  of  the  author 
of  the  theory. 

Since  the  velocity  whi(;h  we  are  seeking  is  equal  to  the 
wave-length  divided  by  the  period  of  oscillation,  the  problem 
reduces  to  finding  the  ratio  of  these  (piantities,  and  maybe: 
simplified  in  some  respects  by  supposing  that  we  have  to  do 
with  a  system  of  stationary  waves.  That  the  relation  of  the 
wave-length  and  the  period  is  the  same  for  stationary  as  for 
progressive  waves  is  evident  from  the  consideration  that  a  sys- 
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3Tn  of  stationary  waves  may  be  formed  by  two  systems  of  pro- 
;ressive  waves  having  opposite  directions. 

2.  Let  X,  yy  z  be  the  rectangular  coordinates  of  any  point  in 
,be  medium,  which  with  the  system  of  waves  we  may  regard 
as  indefinitely  extended,  and  let  $+f',  5y+5y',  C+C'  ^^  the'compo- 
nents  of  electrical  displacement  at  that  point  at  the  time  i; 
f,  Tj,  ^  being  the  average  values  of  the  components  of  electrical 
displacement  at  that  time  in  a  wave-plane  passing  through  the 
point.  Then  $,  rj^  l^,  c',  ^',  C  ^^®  perfectly  defined  quantities, 
of  which  $,  rj,  ^  are  connected  with  x,  y,  z,  and  t  by  the  ordinary 
equations  of  wave-motion,  while  each  of  the  quantities  $',  5y',  ^' 
has  always  zero  for  its  average  val  ue  in  any  wave- plane.  We  may 
call  f,  jy,  ^  the  components  of  the  regular  part  of  the  displace- 
ment, and  f ',  rj\  l^'  the  components  of  the  irregular  part  of  the 
displacement  In  like  manner,  the  diflferential  coefficients  of  these 

quantities  with  respect  to  the  time,  f,  ^,  ^,  $'  5y',  ^',  may  be  called 
respectively,  the  components  of  the  regular  part  of  the  flux, 
ana  the  components  of  the  irregular  part  of  the  flux. 

Let  the  whole  space  be  divided  into  elements  of  volume  Dv, 
very  small  in  all  dimensions  in  comparison  with  a  wave-length, 
but  enclosing  portions  of  the  medium  which  may  be  treated  as 
entirely  similar  to  one  another,  and  therefore  not  infinitely 
small.  Thus  a  crystal  may  be  divided  into  elementary  paral- 
lelopipeds,  all  the  vertices  of  which  are  similarly  situated  with 
'espect  to  the  internal  structure  of  the  crystal.  Amorphous  sol- 
ds  and  liquids  may  not  be  capable  of  division  into  equally 
imall  portions  of  which  physical  similarity  can  be  predicated 
irith  the  same  rigor.  Yet  we  may  suppose  them  capable  of  a 
i vision  substantially  satisfying  the  requirements. 
From  these  definitions  it  follows  that  at  any  given  instant 
ie  average  value  of  each  of  tbe  quantities  $',  7j\  ^'  in  an  ele- 
lent  Di;  is  zero.  For  the  average  value  in  one  such  element 
lust  be  sensibly  the  same  as  in  any  other  situated  on  the  same 
'ave-plane.  If  this  average  were  not  zero,  the  average  for  the 
rave-plane  would  not  be  zero.  Moreover,  at  any  given  instant, 
ae  values  of  f,  5y,  (^  may  be  regarded  as  constant  throughout 
ny  element  Dv,  and  as  representing  the  average  values  of  the 
omponents  of  displacement  in  that  element.     The  same  will 

•  •  •  ■       •         • 

>e  true  of  the  quantities  $',  rj\  ^'  and  $,  jy,  ^, 

3.  Since  we  have  excluded  the  case  of  media  which  have  the 
•roperty  of  circular  polarization,  we  shall  not  impair  the  gener- 
lity  oi  our  results  if  we  suppose  that  we  have  to  do  with 
Inearly  polarized  light,  /.  6.,  that  the  regular  part  of  the  dis- 
lacement  is  everywhere  parallel  to  the  same  fixed  line,  all 
ases  not  already  excluded  being  reducible  to  this.  Then,  with 
be  origin  of  coordinates  and  the  zero  of  time  suitably  chosen, 
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the  regular  part  of  the  displacement  may  be  repreeented  by  the 
equations 


i: 


=  a  cos  27r~  cos  2;r— , 
I  p 

;/=p  COS  27r-j  cos  27r— ,    y 
I  p     ' 

<=y  COS  27r^  COS  2;r— , 

/  ;>    J 


0) 


where  I  denotes  the  wave-length,^  the  period  of  vibration, a, 
)9,  Y  the  maximum  amplitudes  of  the  displacements  f,  3^,  ^,  and 
u  the  distance  of  the  point  considered  from  the  wave-plane 
which  passes  through  the  origin.  Since  u  is  a  linear  function 
of  «,  y,  and  z,  we  may  regard  these  equations  as  giving  the 
values  of  f,  jy,  ^,  for  a  given  system  of  waves,  in  terms  of  a:,  jf, 
z,  and  L 

4.  The  components  of  the  irregular  displacement,  f',  7j\  f',it 
any  given  point,  will  evidentl}'-  be  simple  harmonic  functions 
of  the  time,  having  the  same  period  as  the  regular  part  of  the 
displacement.  That  they  will  also  have  the  same  phase  is  nol 
quite  so  evident,  and  would  not  be  the  case  in  a  medium  in 
which  there  were  any  absorption  or  dispersion  of  light  It  wiB 
however  appear  from  the  following  considerations  that  in  per- 
fectly transparent  media  the  irregular  oscillations  are  synchro- 
nous with  the  regular.  For,  if  they  are  not  synchronous,  we 
may  resolve  the  irregular  oscillations  into  two  parts,  of  which 
one  shall  be  synchronous  with  the  regular  oscillations,  and  the 
other  shall  have  a  difference  of  phase  of  one-fourth  of  acorn* 
plete  oscillation.  Now,  if  the  medium  is  one  in  which  there  is 
no  absorption  or  dispersion  of  light,  we  may  assume  that  the 
same  electrical  configurations  may  also  be  {)assed  through  io 
the  inverse  order,  which  would  be  represented  analytically  by 
writing  —ttort  in  the  equations  which  give  c,  5y,  (J^,  f',  7]\  ^',  as 
functions  of  x,  ?/,  z,  and  t.  But  this  change  would  not  affect 
the  regular  oscillations,  nor  the  synchronous  part  of  the 
irregular  oscillations,  which  depends  on  the  cosine  of  the  time, 
while  the  non-synchronous  part  of  the  irregular  oscillations, 
which  depends  on  the  sine  of  the  time,  would  simply  have  its 
direction  reversed.  Uence,  by  taking  first  one-half  the  sum, 
and  secondly  one-half  the  difterence,  of  the  original  motion  and 
that  obtained  by  substitution  of  —  ^  for  /,  we  may  separate  the 
non-synchronous  part  of  the  irregular  oscillations  from  the  rest 
of  the  motion.  Therefore,  the  supposed  non -synchronous  part 
of  the  irregular  displacement,  if  capable  of  existence,  is  at  least 
wholly  independent  of  the  wave-motion  and  need  not  be  con- 
sidered by  us. 
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^e  may  go  farther  in  the  determination  of  the  quantities  f, 
^'.  For  in  view  of  the  very  finegrained  structure  of  the 
iium,  it  will  easily  appear  that  the  manner  in  which  the  gen- 
I  or  average  flux  in  any  element  Di;  (represented  by  c,  fj^  Q 
tributes  itself  among  the  molecules  and  inter  molecular  spaces 
St  be  entirely  determined  by  the  amount  and  direction  of  that 
<:  and  its  period  of  oscillation.  Hence,  and  on  account  of  the 
►erposable  character  of  the  motions  which  we  are  consider- 
,  we  may  conclude  that  the  values  of  c',  5?',  C'  ^^  ^"^1  given 
nt  in  the  medium  are  capable  of  expression  as  linear  func- 
is  of  c,  jy,  ^  in  a  manner  which  shall  be  independent  of  the 
€  and  of  the  orientation  of  the  wave-planes  and  the  distance 
a  nodal  plane  from  the  point  considered,  so  long  as  the  period 
Dscillation  remains  the  same.  But  a  change  in  the  period  may 
'sumably  aflect  the  relation  between  f,  5y',  ^'  and  f ,  5y,  ^  to 
ertain  extent.  And  the  relation  between  f,  5y',  ^'  and  f,  jy,  ^ 
1  vary  rapidly  as  we  pass  from  one  point  to  another  within 
5  element  Dv. 

5.  In  the  motion  which  we  are  considering  there  occur  alter- 
;ely  instants  of  no  velocity  and  instants  of  no  displacement 
e  statical  energy  of  the  medium  at  an  instant  of  no  velocity 
1st  be  equal  to  its  kinetic  energy  at  an  instant  of  no  displace- 
nt  Let  us  examine  each  of  these  quantities,  and  consider 
\  equation  which  expresses  their  equality. 
3.  Since  in  every  part  of  an  element  Y>v  the  irregular  as  well 
the  regular  part  of  the  displacement  is  entirely  determined 
r  light  of  a  given  period)  by  the  values  of  f,  jy,  ^,  the 
tical  energy  of  the  element  must  be  a  quadratic  function  of 

IJi  C— say 

(Af'-f  B^/'  +  C^^  +  Ez/^+F^^  +  G^;;)  Di?, 

lere  A,  B,  etc.  depend  only  on  the  nature  of  the  medium  and 
3  period  of  oscillation.     At  an  instant  of  no  velocity,  when 

sin  2;r-=0,      and     cos'27r-=l, 
P  P 

B  above  expression  will  reduce  by  equations  (1)  to 

(Aa«  +  B/S'  +  C;/'  +  E/?;/  +  F7a  +  Ga/^)  cos'  2;r|  Dv. 


3ince  the  average  value  of  cos'  2;r-  in  an  indefinitely  ex- 

ided  space  is  i,  we  have  for  the  statical  energy  in  a  unit  of 
ume 

S=i{Aa'  +  B/3'  +  C>/'  +  E/?x  +  ¥ya  +  Gafi).  (2) 
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7.  The  kinetic  energy  of  the  whole  medium  is  represented 
by  the  double  volume-integral* 


.  ^^(i+^._(i±i'),  ^^.  ^^^ 


where  dv^,  dt\  are  two  infinitesimal  elements  of  volume,  (f +f'), 

(f  4-f'),  the  corresponding  components  of  flux,  r  the  distance 
between  the  elements,  and  JS  denotes  a  summation  with  respect 
to  the  coordinate  axes.  Separating  the  integrations,  we  may 
write  for  the  same  quantity 

i  2f(S  +  i').  [/  ^—-P-'  dv^  dv,. 

It  is  evident  that  the  integral  within  the  brackets  is  derived 

from  f -ff'  by  the  same  process  by  which  the  potential  of  any 
mass  is  derived  from  its  density.  If  we  use  the  symbol  Poiia 
express  this  relation,  we  may  write  for  the  kinetic  energy 

The  operation  denoted  by  this  symbol  is  evidently  distribu- 

•  ■  •  • 

tive,  so  that  Pot(c+fO=P^^^+P^^f'-  The  expression  for  the 
kinetic  energy  may  therefore  be  expanded  into 

i^/*^  Pot  a  dv  +  i2/S  Pot  g'  dv 

-\-i2/S'  Pot  £  dv  +  i2/a'  Pot  £'  dv. 

«  • 

But  f,  and    therefore  Pot  ^\  has   in  every  wave-plane  the 

average  value  zero.  Also  6,  and  therefore  Pot  f,  has  in  every 
wave-plane  a  constant  value.  Therefore  the  second  and  third 
integrals  in  the  above  expression  will  vanish,  leaving  for  the 
kinetic  energy 

i2/S  Pot  adv-\-  i2fa'  Pot  i'  dv,  (3) 

which  is  to  be  calculated  for  a  time  of  no  displacement,  when 

•      .  27ra        ^    ^/       •       .  27r/?        ^    u      -      .  2;ry         ^   u  , . 

a=dtz cos  27r-,     v==t — ~  cos  27rT,    ^=±— -  cos  27r-,  (4) 

p  r  p  I  p  I 

The  form  of  the  expression   (3)  indicates  that  the  kinetic   I 
energy  consists  of  two  parts,  one  of  which  is  determined  by  the 
regular  part  of  the  flux,  and  the  other  by  the  irregular  part  of 
the  flux. 

*  The  fluxes  are  supposed  to  ho  measured  by  the  electromaj;^etic  system  ot 
units.     It  is  to  be  observed  that  the  difference  of  opinion  which  has  preTailed 
with  respect  to  the  estimation  of  the  energy  of  electrical  currents  does  not  ex- 
tend to  such  as  are  soUnoidal,  which  may  be  regarded  as  composed  of  closed 
circuits. 


I, 
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8.  The  value  of  Pot  S  may  be  easily  found  by  integration, 
)Qt  perhaps  more  readily  by  Poisson's  well-known  theorem, 
,hat  if  q  is  any  function  of  position  in  space  (as  the  density  of 
i  certain  mass), 

d^'Potq     cTFotq    cTFotq         ,  .  , 

where  the  direction  of  the  coordinate  axes  is  immaterial,  pro- 

vided  that  they  are  rectangular.  In  applying  this  to  Pot  f, 
we  may  place  two  of  the  axes  in  a  wave-plane.     This  will  give 

-^^=-^nS.  (6) 

In  a  nodal  plane,  Pot  f =0,  since  f  has  equal  positive  and 
negative  values  in  elements  of  volume  symmetrically  distributed 
with  respect  to  any  point  in  such  a  plane.     In  a  wave-crest  (or 

plane  in  which  f  has  a  maximum  value),  Pot  6  will  also  have 
a  maximum  value,  which  we  may  call  K.  For  intermediate 
points  we  may  determine  its  value  from  the  consideration 
that  the  total  disturbance  may  be  resolved  into  two  systems 
of  waves,  one  having  a  wave-crest,  and  the  other  a  nodal 
plane  passing  through  the  point  for  which  the  potential 
IS  sought  The  maximum  amplitudes  of  these  component 
systems  will  be  to  the  maximum  amplitude  of  the  original 

system  as  co8  2;r--  and  sin  in-  to  unity.     But  the  second  of  the 

component  systems  will  contribute  nothing  to  the  value  of  the 
potential.     We  thus  obtain 

Pot  ^=K  cos  2 TTy, 

cPFotS         47r'  „    M         4n'  • 

— ^^=— ^Koo8  2;r-  =  — ^Pot^. 

Comparing  this  with  equation  (6),  we  have 

-^Pot5=-4;r5, 

Pot^=-^.  (7) 

Hence,  and  by  equations  (4), 

The  kinetic  energy  of  the  regular  part  of  the  flux  is  there- 
fore, for  each  unit  of  volume. 

Am.  Joub.  Soi.— TmRD  Sbries,  Vol.  XXIII,  No.  186.— April,  1882. 
19  a 
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T=^(a'  +  /S'  +  y').  (8) 

9.  With  respect  to  the  kinetic  energy  of  the  irregular  part 

•  •  • 

of  the  flux,  it  is  to  be  observed  that,  since  f',  tj\  f '  have  their 
average  values  zero  in  spaces  which  are  very  small  in  compari- 
son with  a  wave-length,  the  integrations  implied  in  the  notations 

•  •  • 

Pot  f',  Pot  Tj\  Pot  f'  may  be  confined  to  a  sphere  of  a  radius 
which  is  small  in  comparison  with  a  wave-length.     Since  within 

•         •  • 

such  a  sphere  f',  tj\  f '  are  sensibly  determined  by  the  values 

•     •    • 

^f  ^1  Vi  C  ^^  ^^®  center  of  the  sphere,  which  is  the  point  for 

•  • 

which  the  value  of  the  potentials  are  sought,  Pot  f,  Pot  7j\ 

•  ... 
Pot  C'  must  be  functions — evidently  linear  functions — off,  iy,f; 

•  •     •  •     •  • 

and  f'  Pot  f',  ij^  Pot  3;',  f '  Pot  ^'  must  be  quadratic  functions 
of  the  same  quantities.  But  these  functions  will  vary  with  the 
position  of  the  point  considered  with  reference  to  the  adjacent 
molecules. 

Now  the  expression  for  the  kinetic  energy  of  the  irregular 
part  of  the  flux, 

i2/S'  Pot  S'  dv, 

indicates  that  we  may  regard  the  infinitesimal  element  dv  as 
having  the  energy  (due  to  this  part  of  the  flux) 

i2^'  Pot  S'  dv. 

Let  us  consider  the  energy  due  to  the  irregular  flux  which  will 

belong  to  the  above  defined  element  J)vj  which  is  not  infinitely 

small,  but  which  has  the  advantage  of  being  one  of  physically 

similar  elements  which  make  up  the  whole  medium.     The 

energy  of  this  element  is  found  by  adding  the  energies  of  all 

the  infinitesimal  elements  of  which  it    is  composed.     Since 
•  ... 

there  are  quadratic  functions  of  the  quantities  f ,  rj^  f,  which  are 
sensibly  constant  throughout  the  element  Dv,  the  sura  will  be 

•        •        • 

quadratic  function  off,  tj,  C  s^Y 

which  will  therefore  represent  the  energy  of  the  element  Di' 
due  to  the  irregular  flux.  The  coefficients  A',  B',  etc.,  are 
determined  by  the  nature  of  the  medium  and  the  period  of  os- 
cillation. They  will  be  constant  throughout  the  medium,  since 
one  element  Dv  does  not  differ  from  another. 
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This  expression  reduces  by  equations  (4)  to 

p  ' 

The  kinetic  energy  of  the  irregular  flax  in  a  unit  of  volume  is 
therefore 

10.  Equating  the  statical  and  kinetic  energies,  we  have 
J(Aa'  +  B)8*  +  Cy*+ 'E/3y + Fya  +  Ga/3) 

+  ^^W  +  B';.  +  Cr-HE'/,,  +  FV«-HG'«^).       (10) 

The  velocity  (V)  of  the  corresponding  system  of  progressive 
waves  is  given  by  the  equation 

_  r__l^  Ao*  -♦-  B/g*  4-  Cy^  +  E/?>/  -♦-  Fya  +  Ga/3 

27rA'a''^B'/3'-{-C'y'-{-E'/3y  +  F'ya'^&a/3 

p'  a'  +  ^  +  y'  '       ^    ^ 

If  we  set 

a=^ A-^A',  b=-^  B-^B',  etc.,      (12) 

and  p'zra'  +  ZJ'  +  y*, 

the  equation  reduces  to 

y,^aa'-{-b/r  +  cy'-{-e/3y-{-fya-{-ga/3^ 

For  a  given  medium  and  light  of  a  given  period,  the  coefficients 
a,  J,  etc.,  are  constant. 

This  relation  between  the  velocity  of  the  waves  and  the 
direction  of  oscillation  is  capable  of  a  very  simple  geometrical 
expression.     Let  r  be  the  radius  vector  of  the  ellipsoid 

ax*  -\-by*  -^cz"  -{-eyz+fzx+gx^=l.  (U) 

Then 

1  _ax*  4-  by*  +  «5*  4-  ef/z  -{-  /zx  -{-  gxy 


T  r 


It  this  radius  is  drawn  parallel  to  the  electrical  oscillations,  we 
shall  have 

«__a         y__>^         ^^y 

r'~  p^  r"  p*  r"  p*  • 

ind  Vrr^.  (15) 
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That  is,  the  wave-velocity  for  any  particular  direction  of  oscil- 
lation is  represented  in  the  ellipsoid  by  the  reciprocal  of  the 
radius  vector  which  is  parallel  to  that  direction. 

11.  This  relation  between  the  wave-length,  the  period,  and 
the  direction  of  vibration,  must  hold  true  not  only  of  such 
vibrations  as  actually  occur,  but  also  of  such  as  we  may 
imagine  to  occur  under  the  influence  of  constraints  determining 
the  direction  of  vibration  in  the  wave-plane.  The  directions 
of  the  natural  or  unconstrained  vibrations  in  any  wave-plane 
may  be  determined  by  the  general  mechanical  principle  that  if 
the  type  of  a  natural  vibration  is  infinitesimally  altered  by  tie 
application  of  a  constraint,  the  value  of  the  period  will  be 
stationary.*  Hence,  in  a  system  of  stationary  waves,  such  as 
we  have  been  considering,  if  the  direction  of  an  unconstrained 
vibration  is  infinitesimally  varied  in  its  wave-plane  by  a  con- 
straint, while  the  wave-length  remains  constant,  the  period  will 
be  stationary.  Therefore,  if  the  direction  of  the  unconstrained 
vibration  is  infinitesimally  varied  by  constraint,  and  the  period 
remains  rigorously  constant,  the  wave-length  will  be  stationary. 
Hence,  if  we  make  a  central  section  of  the  above  described 
ellipsoid  parallel  to  any  wave-plane,  the  directions  of  natural 
vibration  for  that  wave-plane  will  be  parallel  to  the  radii 
vectores  of  stationary  value  in  that  section,  viz.,  to  the  axes  of 
the  ellipse,  when  the  section  is  elliptical,  or  to  all  radii,  when 
the  section  is  circular. 

12.  For  light  of  a  single  period,  our  hypothesis  has  led  to  a 
perfectly  definite  result,  our  equations  expressing  the  funda- 
mental laws  of  double  refraction  as  enunciated  by  Fresnel. 
But  if  we  ask  how  the  velocity  of  light  varies  with  the  period, 
that  is,  if  we  seek  to  derive  from  the  same  equations  the  laws 
of  the  dispersion  of  colors,  we  shall  not  be  able  to  obtain  an 
equally  definite  result,  since  the  quantities  A,  B,  etc.,  and 
A',  B',  etc  ,  are  unknown  functions  of  the  period.  If,  however, 
we  make  the  assumption,  which  is  hardly  likely  to  be  strictly 
accurate,  but  which  may  quite  conceivably  be  not  far  removed 
from  the  truth,  that  the  manner  in  which  the  general  or  average 
flux  in  any  small  part  of  the  medium  distributes  itself  among 
the  molecules  and  intermolecular  spaces  is  independent  of  the 
period,  the  quantities  A,  B,  etc.,  and  A',  B',  etc.,  will  be  con- 
stant, and  we  obtain  a  very  simple  relation  between  V  and  /?, 
which  appears  to  agree  tolerably  well  with  the  results  of 
experiment 

If  we  set 

Jl  = ^ ,  (16) 


Uayleigh's  Theory  of  ^jund.  vol.  i.  p.  84. 
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id  H  = -j ,  (17) 

IT  general  equation  (11)  becomes 

^  -2;r       p^    '  ^^^^ 

bere  H  and  H'  will  be  constant  for  any  given  direction  of 
cillation,  when  A,  B,  etc.,  and  A',  B',  etc,  are  constant.  If 
3  wish  to  introduce  into  the  equation  the  absolute  index  of 
fraction  {n)  and  the  wave-length  in  vacuo  {X)  in  place  of  V 
id  ;),  we  may  divide  both  sides  of  the  equation  by  the  sqxiare 
the  constant  (k)  representing  the  velocity  of  light  in  vacuo, 
tien,  since 

— =-,     and    A;i>=A, 
k     n  jr       1 

I  r  equation  reduces  to 

is  well  known  that  the  relation  between  n  and  X  may  be 
lerably  well  but  by  no  means  perfectly  represented  by  an 
[  \iation  of  this  form. 

18.  If  we  now  give  up  the  presumably  inaccurate  supposition 
at  A,  B,  etc.,  and  A',  B',  etc.,  are  constant,  equation  (19)  will 
ill  subsist,  but  H  and  H'  will  not  be  constant  for  a  given 
faction  of  oscillation,  but  will  be  functions  of  ;?,  or,  what 
aounts  to  the  same,  of  X.  Although  we  cannot  therefore  use 
e  equation  to  derive  a  priori  the  relation  between  n  and  >l, 
e  may  use  it  to  derive  the  values  of  fl  and  U'  from  the 
npirically  determined  relation  between  n  and  X.  To  do  this, 
e  must  make  use  again  of  the  general  principle  that  an 
Enitesimal  variation  in  the  type  of  a  vibration,  due  to  a 
>tistraint,  will  not  affect  the  period.  If  we  first  consider  a 
'-rtain  system  of  stationary  waves,  then  a  system  in  which  the 
ave-length  is  greater  by  an  infinitesimal  dl  (the  direction  of 
Kjillation  remaining  the  same,)  the  period  will  be  increased  by 
1  infinitesimal  dp^  and  the  manner  in  which  the  flux  dis- 
ibutes  itself  among  the  molecules  and  intermolecular  spaces 
ill  presumably  be  infinitesimally  changed.  But  if  we  sup- 
ase  that  in  the  second  system  of  waves  there  is  applied  a  con- 
•raint  compelling  the  flux  to  distribute  itself  in  the  same  way 
^ong  the  molecules  and  intermolecular  spaces  as  in  the  first 
i^stern,  (so  that  f,  7j\  ^'  shall  be  the  same  functions  as  before 
^  ^>  7»  C? — ^  supposition  perfectly  compatible  with  the  fact 
"iat  the  values  of  $,  tj^  f  are  changed,)  this  constraint,  accord- 
^g  to  the  principle  cited,  will  not  affect  the  period  of  oscilla- 
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tion.  Our  equations  will  apply  to  such  a  constrained  type  ol 
oscillation,  and  A,  B,  etc.,  and  A',  B',  etc.,  and  therefore  n  and 
H',  will  have  the  same  values  in  the  last  described  system  ol 
waves  as  in  the  first  system,  although  the  wave-length  and  the 
period  have  been  varied.  Therefore,  in  diflferentiating  equation 
(18),  which  is  essentially  an  equation  between  I  and  p,  or  its 
eg^uivalent  (19),  we  may  treat  H  and  H'  as  constant.  This 
gives 

We  thus  obtain  the  values  of  H'  and  H : 

Inrc   OK:  n  n*       dX  ^   ' 

By  determining  the  values  of  H  and  H'  for  different  directions 
of  oscillation,  we  may  determine  the  values  of  A,  B,  etc.,  and 
A',  B',  etc. 

By  means  of  these  equations,  the  ratios  of  the  statical  energy 
(S),  the  kinetic  energy  due  to  the  regular  part  of  the  flux  (T), 
and  the  kinetic  energy  due  to  the  irregular  part  of  the  flux  CPj, 
are  easily  obtained  in  a  form  which  admits  of  experimental  de- 
termination.    Equations  (8)  and  (9)  give 

P  P 

Therefore,  by  (20), 

T_2;rH^_2;rHV_     A.  dn_     dlogn 
T"    r    "      A»     " ""n  dX"     dlogX  ^^^^ 

S_T+T_      T_dlogX-d\ogn_d\ogl 
T"     T     "   "*"T~        dlogX        ~dlogX  ^    ' 

T'___^jogn 
S-     dlogl'  ^^^' 

Since  S,  T,  and  T'  are  essentially  positive  quantities,  their 
ratios  must  be  positive.  Equation  (21)  therefore  requires  that 
the  index  of  refraction  shall  increase  as  the  period  or  wave- 
length in  vacuo  diminishes.  Experiment  has  shown  no  excep- 
tions to  this  rule,  except  such  as  are  manifestly  attributable  to 
the  absorption  of  light. 

14.  It  remains  to  consider  the  relations  between  the  optical 
properties  of  a  medium  and  the  planes  or  axes  of  symmetry 
which  it  may  possess.  If  we  consider  the  statical  energy  per 
unit  of  volume  (S)  and  the  period  as  constant,  we  may  regard 
equation  (2)  as  the  equation  of  an  ellipsoid,  the  radii  vectores 
of  which  represent  in  direction  and  magnitude  the  amplitudes 
of  systems  of  waves  having  the  same  statical  energy.  In  like 
manner,  if  we  consider  the  kinetic  energy  of  the  irregular  part 
of  the  flux  per  unit  of  volume  (T^  and  the  period  as  constant 
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e  may  regard  equation  (9)  as  the  equation  of  an  ellipsoid,  the 
idii  vectores  of  which  represent  in  direction  and  magnitude  the 
mplitudes  of  systems  of  wavas  having  the  same  kinetic  energy 
ue  to  the  irregular  part  of  the  flux.  These  ellipsoids,  which 
^e  may  distinguish  as  the  ellipsoids  (A,  B,  etc.)  and  (A',  B', 
to),  as  well  as  the  ellipsoid  before  described,  which  we  may 
all  the  ellipsoid  (a,  6,  etc.),  must  be  independent  in  their  form 
md  their  orientation  of  the  directions  of  the  axes  of  coordinates, 
)eing  determined  entirely  by  the  nature  of  the  medium  and  the 
period  of  oscillation.  They  must  therefore  possess  the  same 
dnd  of  symmetry  as  the  internal  structure  of  the  medium. 

If  the  medium  is  symmetrical  about  a  certain  axis,  each 
ellipsoid  must  have  an  axis  parallel  to  that.  If  the  medium  is 
symmetrical  with  respect  to  a  certain  plane,  each  ellipsoid  must 
have  an  axis  at  right  angles  to  that  plane.  If  the  medium  after 
a  revolution  of  less  than  180*^  about  a  certain  axis  is  then  equiv- 
alent to  the  medium  in  its  first  position,  or  symmetrical  with  it 
with  respect  to  a  plane  at  right  angles  to  that  axis,  each  ellipsoid 
must  have  an  axis  of  revolution  parallel  to  that  axis.  These 
relations  must  be  the  same  for  light  of  all  colors,  and  also  for 
all  temperatures  of  the  medium. 

15.  From  these  principles,  we  may  infer  the  optical  charac- 
teristics of  the  different  crystallographic  systems. 

In  crystals  of  the  isometric  system,  as  in  amorphous  bodies, 
the  three  ellipsoids  reduce  to  spheres.  Such  media  are  opti- 
cally isotropic,  at  least  so  far  as  any  properties  are  concerned 
which  come  within  the  scope  of  this  paper. 

In  crystals  of  the  tetragonal  or  hexagonal  systems,  the  three 
ellipsoids  will  have  axes  of  rotation  parallel  to  the  principal 
crystallographic  axis.  Since  the  ellipsoid  (a,  6,  etc.)  has  but 
one  circular  section,  there  will  be  but  one  optic  axis,  which 
will  have  a  fixed  direction. 

In  crystals  of  the  orthorhombic  system,  the  three  ellipsoids 
will  have  their  axes  parallel  to  the  rectangular  crystallographic 
axes.  If  we  take  these  directions  for  the  axes  of  coordinates, 
E,  F,  G,  E',  F;  G;  e,f,g  will  vanish  and  equation  (13)  will 
reduce  to 

Tthe  coordinate  axes  are  so  placed  that 

)e  optic  axes  will  lie  in  the  X-Z  plane,  making  equal  angles 
with   the  axis  of  Z,  which  may  be  determined  by  the  equa- 
3n 

t»„.  ^_«-ft_/''(A-B)-4;r'(A'-B') 
lan  (p-^_-^^  (B_C)-4t«  (B'-C)' 
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To  get  a  rough  idea  of  the  manner  in  which  f  varies  with  the 
period,  we  may  regard  A,  B,  C,  A',  B',  C  as  constant  in  this 
equation. 

But  since  the  lengths  of  the  axes  of  the  ellipsoid  (o^  i,  etc.) 
vary  with  the  period,  it  may  easily  happen  that  the  order  of  the 
axes  with  respect  to  magnitude  is  not  the  same  for  all  colon. 
In  that  case,  the  optic  axes  for  certain  colors  wiU  lie  in  one  of 
the  principal  planes,  and  for  other  colors  in  another.  For  the 
color  at  which  the  change  takes  place,  the  two  optic  axes  will 

coincide.     The   differential   coeflScient  -^  becomes  infinitely 

dp  *' 

great  as  the  optic  axes  approach  coincidence. 

In  crystals  of  the  monoclinic  system,  each  of  the  three  ellip- 
soids will  have  an  axis  perpendicular  to  the  plane  of  symmetr?. 
We  may  choose  this  direction  for  the  axis  of  X.  Then  F,  &, 
F',  G',  /  ^,  will  vanish  and  equation  (13)  will  reduce  to 

_  «a'  ^-h^-k-  cy^  4-  e^y 

p 

The  angle  0  made  by  one  of  the  axes  of  the  ellipsoid  (a,  6,  etc) 
in  the  plane  of  symmetry  with  the  axis  of  i  and  measured 
toward  the  axis  of  Z  is  determined  by  the  equation 

tan  2^= =^=  ^ 


c-b    y  (C-B)-4;r»(C'-By 

To  get  a  rough  idea  of  the  dispersion  of  the  axes  of  the  ellipsoid 
(a,  t,  etc.)  in  the  plane  of  symmetry,  we  may  regard  B,  C,  E, 
B',  C',  E',  as  constant  in  this  equation,  and  suppose  the  axis  of 
Y  so  placed  as  to  make  E  vanish. 

It  is  evident  that  in  this  system  the  plane  of  the  optic  axes 
will  be  fixed,  or  will  rotate  about  one  of  the  lines  which  bisect 
the  angles  made  by  the  optic  axes,  according  as  the  mean  axis 
of  the  ellipsoid  (a,  i,  etc.)  is  perpendicular  to  the  plane  of 
symmetry  or  lies  in  that  plane.  In  the  first  case  the  dispersion 
of  the  two  optic  axes  will  be  unequal.  The  same  crystal, 
however,  with  light  of  different  colors,  or  at  different  tempera- 
tures, may  afford  an  example  of  each  case. 

In  crystals  of  the  triclinic  system,  since  the  ellipsoids  (A,  B, 
etc.)  and  (A',  B',  etc.)  are  determined  by  considerations  of  a 
different  nature,  and  there  are  no  relations  of  symmetry  to 
cause  a  coincidence  in  the  directions  of  their  axes,  there  will 
not  in  general  be  any  such  coincidence.  Therefore  the  three 
axes  of  the  ellipsoid  (a,  6,  etc.),  that  is,  the  two  lines  which 
bisect  the  angles  of  the  optic  axes  and  their  common  normal, 
will  vary  in  position  with  the  color  of  the  light. 

16.  It  appears  from  this  foregoing  discussion  that  by  the 
electromagnetic  theory  of  light  we  may  not  only  account  for 
the  dispersion  of  colors  (including  the  dispersion  of  the  lines 
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ich  bisect  the  angles  of  the  optic  axes  in  doubly  refracting 
dia),  but  may  also  obtain  Fresnel's  laws  of  double  refraction 
every  kind  of  homogeneous  light  without  neglect  of  the 
in  titles  which  determine  die  dispersion  of  colors. 
But  a  closer  approximation  than  that  of  this  paper  will  be 
cessary  to  explain  the  phenomena  of  circularly  polarizing 
jdia,  which  depend  on  very  minute  diflFerences  of  wave- 
locity,  represented  perhaps  by  a  few  units  in  the  sixth  sig- 
Bcant  figure  of  the  index  of  refraction.  That  the  degree  of 
•proximation  which  will  give  the  laws  of  circular  and  elliptic 
)larization  will  not  add  any  terms  to  the  equations  of  this 
iper,  except  such  as  vanish  for  media  which  do  not  exhibit 
lis  phenomenon,  will  be  shown  in  another  number  of  this 
}urDal. 


Art.  XXYIIL— The  ''Timber  Line;''  by  Henry  Gannett. 

In  Dr.  Rothrock^s  valuable  report  on  botanv,  recently  pub- 
shed  by  the  "Surveys  West  of  the  100th  Meridian,"  the  author 
uotes  Dr.  Engelmann^s  statement  that  "there  is  little  or  no 
acrease  in  altitude  in  the  timber  line  toward  the  equator,  in 
ur  western  hemisphere,  south  of  the  41st  parallel  of  north 
ititude.'' 

This  statement  is  approximately  true  regarding  the  Rocky 
lountains,  owing,  however,  not  to  any  general  principle,  but 
0  what  may  be  termed  an  accident  of  topography.     Even  here 

decide<l  rise  is  observable  from  41°  to  39°  of  latitude.  In  the 
lierra  Nevada,  the  Basin  and  Wahsatch  Ranges,  the  statement 
oes  not  hold  good,  the  limber  line  rising  rapidly  as  the  lati- 
flde  decreases.  Again,  on  the  volcanic  peaks  of  the  Mexican 
lateau,  the  timber  line  is  higher  by  several  thousands  of  feet 
aan  it  is  anywhere  in  the  United  States. 

Barring  the  prohibitive  circumstances  of  absence  of  soil  and 
loisture,  the  height  of  the  timber  line  is  purely  a  question 
f  temperaiura  The  latter  is  a  function  of  the  latitude,  the 
levation,  and  the  mass,  of  the  country  in  the  neighborhood. 
i  great  mass  of  country,  if  raised  to  a  considerable  height 
hove  the  sea,  as  in  the  case  of  the  great  Cordilleran  plateau  of 
be  West,  carries  up  with  it,  to  a  certain  extent,  the  isother- 
lals.  A  glance  at  Mr.  Schott's  admirable  isothermal  charts 
mply  illustrates  this  general  fact.  Washington,  D.  C,  has  a 
lean  annual  temperature  of  55°  Fah.,  while  Denver,  Col,  a 
raction  of  a  degree  farther  north,  and  at  an  elevation  of  5,300 
Jet,  has  a  mean  temperature,  not  of  37°,  as  the  height  might 
adicate,  but  of  49°. 
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Therefore,  in  considering  the  height  of  the  timber  line,  we 
must  regard  the  mountain  ranges  in  connection  with  the  plateaog 
upon  which  they  stand,  their  latitudes,  heights  and  masses,  or 
wnat,  in  a  measure,  sums  up  these  three,  their  temperatures,  as 
it  is  by  these  that  its  height  is  determined. 

Looking  at  the  subject  from  this  point  of  view,  a  fair  com- 
parison may  be  instituted  between  the  timber  line  in  diflFerent 
latitudes  and  on  different  ranges  in  the  same  latitude. 

The  actual  elevation  above  sea  level  of  the  timber  line  in  the 
Cordilleras  of  North  America  ranges  from  6  or  7,000  to  12,000 
feet.  It  is  lowest  in  the  Coast  and  Cascade  Ranges  of  Wash- 
ington Territory,  where  it  is  at  about  the  former  figures.  Fol- 
lowing the  Cascade  Range  southward  into  Oregon,  the  timber 
line  rises  to  a  height  of  7,000  to  8,000  feet.  It  continues  to 
increase  as  we  trace  it  southward  into  California,  being  on 
Shasta  and  the  neighboring  mountains  8,000  feet  above  the  sea. 
On  the  high  sierras  of  Eastern  central  California,  forests  grow 
to  10,000  or  11,000  feet,  while  the  San  Bernardino  and  other 
ranges  of  Southern  California  do  not  reach  the  upper  limit  of 
forests. 

Few  of  the  ranges  of  Nevada  reach  the  timber  line,  which  is 
at  a  height  of  9,000  feet  in  the  north  up  to,  probably,  11,000 
feet  in  the  southern  part  of  the  State. 

In  Arizona,  probably  none  of  the  mountains  reach  the  timber 
line,  except  the  volcanic  group  known  as  the  San  Francisco 
Mountains,  and  the  Sierra  Blanca.  On  these  the  timber  line  is 
between  11,000  and  12.000  feet.  j 

In  New  Mexico,  it  averages  about  12,000  feet  above  sea 
level.     There   is   little    variation   between   the   northern  and 
southern  parts  of  the  territory,  as  the  higher  annual  tempera- 
ture of  the  southern  part  is  fully  compensated  for  by  the  greater 
altitude  of  the  plateau  in  the  northern  part. 

In  Colorado,  it  ranges  from  12,000  feet  in  the  southern  partr 
to  11,000  in  the  north.  It  is  highest  in  the  great  mass  of  the 
San  Juan  Mountains  and  in  the  Sangre  de  Cristo  range,  and 
lowest  in  the  nortliern  portions  of  the  Park  and  Front  Ranges- 

In  Southern  Wyoming,  in  the  Park  range,  which  is  the  only 
one  in  this  portion  of  the  territory  which  rises  above  the  limi'fc 
of  timber,  this  limit  is  at  about  11,000  feet.  In  the  Wind  Riv^r 
and  Teton  Ranges,  in  the  northwestern  part  of  the  territory,  it; 
is  at  an  elevation  of  10,000  to  11,000  feet. 

In  Montana  and  Idaho,  the  limit  of  timber  is,  in  general,  froin 
9,000  to  10,000  feet,  being  highest  in  the  south,  and  lowest  near 
the  northern  boundary. 

In  the   Uinta  and  Wahsatch   Ranges  of  Utah,  it  i^  about 
11,000  feet,  rising  somewhat  above  this  figure  in  the  southern   i 
part  of  the  latter  range.  J 
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Thus  it  is  seen  that  in  the  same  latitude,  there  is  a  very 
marked  diflFerence  in  the  height  of  the  timber  line.  The  less 
the  elevation  of  the  surrounding  country,  other  things  being 
equal,  the  lower  is  the  limit  of  timber. 

This  suggests  a  farther  point.  The  upper  limit  of  timber 
must  have  approximately  the  same  mean  annual  temperature 
everywhere.  Of  course  it  will  differ  to  a  slight  extent  in  dif- 
ferent localities,  owing  to  difference  of  exposure  to  wind  and 
sun,  but  these  are  mere  local  circumstances,  not  affecting  the 
general  principle.  The  determination  of  this  temperature  accu- 
rately is,  without  direct  observation,  of  course,  impossible.  I 
have,  however,  computed  it  approximately  from  such  data  as 
are  available,  and  have  found  tolerably  close  accordance  among 
the  results. 

The  mean  annual  temperature  decreases  about  1*^  Fah.  for 
each  300  feet  of  abrupt  ascent.  In  the  case  of  Pike's  Peak 
and  Colorado  Springs,  where  the  difference  of  elevation  is  more 
than  8,000  feet,  the  ciiange  is  1°  for  each  295  feet.  In  the  case 
of  Mt  Washington  and  Shelburne,  New  Hampshire,  it  is  825 
feet  for  each  degree.  The  former  case  is  the  most  favorable  in 
every  respect,  and  as  most  of  our  results  are  drawn  from  the 
western  region,  I  have  adopted,  as  a  round  number,  300  feet. 

Now,  if  the  average  mean  annual  temperature  all  around  the 
base  of  a  mountain  were  known,  it  would  be  a  very  simple 
matter  to  determine,  with  some  accuracy,  the  temperature  at 
timber  line,  knowing  its  height  and  the  mean  height  of  its 
base.  The  nearest  approach  which  can  be  made  to  ihis,  is  to 
assome  that  the  station  or  stations  at  or  near  the  base,  represent 
the  average  climate,  a  supposition  which,  in  many  cases,  is  by 
no  means  correct.  Using,  however,  in  the  manner  indicated, 
such  data  as  are  at  hand,  I  have  obtained  the  following  results: 


',-■ 


Mountains,  etc. 


Cunningham  Pa«s,  Colo., 
l£t  LinoolD,  Colo., 
l£t  Silyerheels,  Colo., 
¥t  Guyot,  Colo., 
ML  PoweU,  Colo., 
Pike's  Peak,  Colo., 
Gray's  Peak,  Colo., 
Wabsatch  Mts.,  Utah, 
Mt  Washington,  N.  H., 
Mt.  Marey,  N.  Y., 


(t 


Mt.  Blackmore,  Mont, 
Mt.  Bridger,  Mont, 
Mt.  Delano,  Mont, 


Height 
of  tlm- 
b<tr  line,' 
teet.    I 


11,500 
12,05li 
11,549! 
11,811; 
11,600| 
11,720; 
11,100 
10,000 
4,150 
4,851 
4,851 
9,550 
9,002 
8,784 


BASE    STATION. 

Tem- 

pera- 

Name. 

Height 
in  feet. 

Mean 
an.  tern. 

ture  at 

timber 

line. 

Port  Garland, 

7,945 

43" 

31* 

Fairplay, 

9,965 

38" 

31" 

ii 

9,965 

38" 

33" 

ii 

9,965 

38" 

32" 

White  Kiver  Agency, 

6,491 

45" 

28" 

Colorado  Springs, 

6,032 

48" 

29" 

Denver, 

5,244 

48" 

29" 

Salt  Lake  City, 

4,350 

52" 

33" 

Shelburne.  N.  H.. 

700 

42" 

30" 

Somerviile,  N.  Y., 

412 

45" 

30" 

Plattsburgh,  N.  Y., 

180 

44" 

29" 

Fort  Ellis,  Mont, 

4,935 

44" 

29" 

t(                        u 

4,936 

44" 

31" 

((                  it 

4,936 

44" 

31" 
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The  mean  of  these  results  is  30°*4,  and  this  is  probably  very 
near  the  true  mean  annual  temperature  of  the  timber  line. 
The  better  the  conditions  of  the  determination,  the  nearer  are 
the  results  to  this  mean.  Mts.  Blackmore  and  Bridger  are 
very  good  cases,  being  on  the  border  of  the  Gallatin  Valley,  in 
which  Fort  Ellis  is  situated,  and  but  verv  few  miles  distant 
from  the  latter.  Mts.  Lincoln  and  Silverheels  are  also  admira- 
bly situated  with  respect  to  Fairplay,  but  the  annual  tempera- 
ture of  the  latter  station  is  not  well  determined.  Pike's  Peak 
and  Colorado  Springs  make  an  excellent  pair  of  stations,  being 
but  ten  miles  apart,  and  the  annual  temperature-  at  the  latter 
place  being  well  determined  by  the  observations  of  the  Signal 
Bureau.  On  the  other  hand,  Mt  Powell  and  the  White  River 
Agency  are  widely  separated  by  many  miles  of  high  plateaus, 
which  may  materially  change  the  conditions  of  the  temperature 
about  the  mountain. 

Should  this  result,  when  tested  by  a  wider  range  of  observa- 
tions, hold  good,  it  will  afford  a  very  valuable  and  easily  ob* 
tainable  isothermal,  and  also  enable  one  to  estimate  the  height 
of  the  timber  line  from  thermometric  stations  at  the  bases  of   ; 
mountain  ranges. 


Art.    XXIX. — Simple    Mfithofi  for   Calibrating    Thermometm; 

bv  Silas  W.  IIolmax. 

The  calibration  of  a  thermometer  bv  most  of  the  methods 
in  ordinary  use  is  a  tedious  and  somewhat  difficult  operation, 
and  hence  often  neglected  even  in  important  work.  For  the 
purpose  of  supplying;  a  method  simple  both  in  observation 
and  oompuUition,  and  at  the  same  time  accurate,  the  following 
process  is  described,  wliich,  although  involving  little  that  is 
novel,  has  not  to  mv  knowleiljre  been  used  before. 

First,  however,  it  is  necessary  to  recall  to  the  attention  of 
observers  the  fact  that,  without  calibration  correction,  the 
readings  of  a  thermometer  having  a  scale  of  equal  linear  parts 
cannot  be  relied  upon  within  one  or  more  divisions  of  this 
scale:  and  that  ihennometer  makers,  knowing  this,  almost  uni- 
versally space  the  irradiation  upon  tiie  tube  to  correspond 
more  or  less  olasoly  with  the  shaf^e  of  the  bore,  as  determined 
by  previous  calibration,  or  bv  com|«arison  with  a  standard  (I) 
insirument  This  prae:ii-.-  is  iriuch  more  general  than  is  ordi- 
narily sup[^^sod.  an<l  hus  av.  ::n;t"»r:an:  l»L-ariiig  ujx^n  the  acca- 
racy  of  the  work  dor.c  witli  sncii  irisiniments.  For  the  scale 
thus  made  is  merelv  ai'V-roxiniate.  the  dividing:  enorine  or  other 
tool  Winir  usuallv  oha!ii:0'i  «»n!v  at  s  irh  intervals  as  to  make 
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ae  average  error  less  than  some  specified  amount.  An  inspec- 
lon  of  these  conditions  will  show  that  the  calibration  of  such 
tube  and  scale  can  be  only  approximate  except  with  correc- 
ions  for  the  inequalities  of  the  spacing,  involving  an  amount 
»f  labor  disproportionate  to  the  result  attained.  The  best 
nakers,  such  as  Fastre,  Baudin  and  others,  have  produced  sat- 
sfactorv  thermometers  graduated  to  equal  volumes  ;  but  even 
•hese  are  not  as  reliable  as  instruments  of  less  cost  with  a  scale 
:>t  equal  linear  parts,  say  of  millimeters,  supplemented  by  a 
calibration  by  the  observer.  The  best  form  of  tube  for  almost 
all  work  is  one  backed  with  white  enamel,  with  an  inverted 
pear-shaped  bulb  at  tiie  upper  end  of  the  capillary  (a  very 
important  feature),  and  with  a  scale  of  equal  arbitrary  linear 
parts  (0*7  mm.  to  1  mm.  is  a  suitable  length  for  estimation  of 
tenths)  or  of  approximate  degrees,  for  convenience,  etched  or 
engraved  upon  it 

Without  reviewing  here  the  methods  proposed  by  various 
writers,  it  may  be  said  that  it  has  been  the  general  plan  to 
select  beforehand  upon  the  scale  two  points  between  which  to 
make  the  calibration,  this  space  being  the  **  calibration  unit/' 
the  errors  of  these  points  being,  of  course,  zero.  This  plan 
has  led  to  unnecessary  complexity.  Such  an  assumption  is  no 
m<>re  requisite  in  calibration  after  a  scale  has  been  put  upon 
the  tube,  than  in  calibrating  by  the  dividing  engine  or  microm- 
eter before  making  the  scale.  It  is  obvious  that  the  selection 
of  these  points  is  wholly  arbitrary,  and,  if  used  at  all,  one  or 
both  of  them  may,  if  desirable,  be  chosen  after  the  observa- 
tions with  the  calibrating  thread  have  been  made.  The  choice 
should  be  made  with  the  view  to  facilitating  the  work.  Hence 
the  use  of  the  observed  freezing  and  boiling  points,  upon 
which  some  methods  are  based,  is  most  undesirable. 

In  the  method  which  will  now  be  given,  either  one  or  both 
of  these  points  may  be  lefl  to  be  selected,  according  to  the 
combined  conditions  of  length  of  thread  employed,  shape  of 
the  tube,  and  numerical  convenience,  after  the  observations 
with  the  thread  have  been  made. 

Let  it  be  desired  to  find  the  calibration  corrections  for  a 
given  tube.  Determinations  which  will  give  the  errors  of 
every  3  cm.  of  length  will  ordinarily  be  sufficient,  but  this 
must  depend  on  the  result  sought.  Separate  a  thread  of  mer- 
cury of  about  that  length.  The  actual  length  of  the  thread 
within  two  or  three  millimeters  is  of  no  consequence  whatever, 
and  hence  a  suitable  thread  can  be  obtained  in  a  very  short 
tima 

Set  the  thread  with  its  lower  end  at  or  near  the  beginning  of 
the  graduation:   call  the  reading*  of    the  lower  end  of  the 

♦  Tenths  of  a  diviaion  are  supposed  to  be  read  by  estiniatiou. 
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thread  ?„  and  that  of  the  upper  end  w,.     Move  the  thread  less 
than  1  mm.  and  read  again,  finding  thus  /,  and  u^     Move  the 
thread  about  1  cm.  and  read  l^  and  t/,.     Move  the  thread  less 
than   1  mm.   and  read  l^  and   u^.     So  continue  throughout  the 
whole  length  of  graduation,  increasing  the  number  of  settings 
or  repeating  the   whole  series  in  reverse  order   and  several 
times  if  the  highest  attainable  precision  is  desired.    This  alterna- 
tion between  1  mm.  and  I  cm.  in  setting  tends  towards  the  bet- 
ter elimination  of  errors  in  estimation.     It  is  not,  however,  essen- 
tial, nor  even  always  as  well  as  an  equal  number  of  distributed 
readings.     This  must  depend  upon  the  skill  of  the  observer. 
Avoid,  as  far  as  convenient,  taking  readings  with  an  end  of 
the   thread  apparently  just  at  the   line  of  the  scale,  as  the 
width  of  the  line,  even  in  the  best  scales,  is  a  source  of  con- 
siderable error.*     If  any  point,  e.  g.,  the  zero  point  of  the  grad- 
uation, has  for  any  reason  been  selected  as  the  first  of  which 
the  error  should  be  assumed  zero,  the  settings  may  to  advan- 
tage, though  not  necessarily,  be  made  to  extend  each  way  from 
this.  '     . 

Then  Uj— Z„  w,— Z„  etc.,  will  give  a  series  of  lengths  of  the 
calibrating  thread  in  all  parts  of  the  tube.  Before  reuniting 
this  thread  to  the  rest  of  the  mercury,  plot  points  with  abscissas 
/j,  Z„  etc.,  and  ordinates  Mj— Z„  u,— /„  eta,  the  corresponding 
lengths  of  thread,  and  draw  a  smooth  curve  through  the  points 
thus  obtained.  This  line  will  give  a  general  idea  of  the  form 
of  the  capillary  bore ;  and,  should  any  parts  of  it  show  con- 
siderable irregularities,  the  corresponding  portions  of  the  tube 
should  at  once  be  re-explored  with  the  thread. 

If  not  already  done,  the  point  A,  upon  the  scale,  to  be  used 
as  the  starting  or  reference  point  of  the  computation,  should 
now  be  selected.  In  general  the  extreme  ends  of  the  tube  are 
to  be  avoided,  as  more  likely  to  have  been  rendered  irregular 
or  rapidly  tapering  in  the  process  of  making  or  joining  on  the 
bulbs.  If  the  zero  of  the  numbering  is  placed  one  or  two 
centimeters  from  the  bottom  of  the  tube  it  forms  a  desirable 
starting  point. 

Find  upon  the  curve  the  ordinate  u'  corresponding  to  the 
abscissa  A ;  then  with  abscissa  A-fu'  find  the  corresponding 
opdinatew";  with  abscissa  A-fu'-fu",  find  the  corresponding 
ordinate  u'^\  continuing  to  the  upper  limit  of  the  graduation.  K 
A  is  at  a  sufficient  distance  from  the  lower  end  of  the  gradua- 
tion, find  a  similar  series  below  the  point  A.  These  points, 
A,  A+u',  A+u^-\-u^\  etc.,  upon  the  graduation  are  separated 
by  equal  volumes  of  the  capillary.  Select  any  one  of  these 
as  the  second  point  of   which  the   error  is  to   be   arbitrarily 

♦  Soqje  of  the  advantages  of  Neumann's  method  are  offset  by  this  error. 
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ssumed  as  zero,  and  call  this  B.     Then  A+u'+u''+  .  .  .  + 
*'*^=  B.     There  are  thus  n  spaces  of  equal  volume  between  A 

ind  B,  and  these  correspond  each  to  -th  of  the  interval  B-A. 

n 

Hence  the  true  reading  (which,  however,  it  is  not  necessary  to 

oompute  numerically)  at  the  point — 

A  is    A 

A+u'  "    A+i(B-A) 

n 

A+t/'+w"   "    A+-  (B-A) 


•     •     •     • 


B  "  B 

And  ihe  error  obtained  by  subtracting  the  true  readings,  as 
given  in  the  right-hand  column,  from  the'corresponding  actual 
readings,  given  in  the  left-hand  column,  at 

A  is    0 

A+u'  "    A+w'{A+i-(B-A)}=u'-i(B-A) 

A+w'+m"  "    u'u" — h-  (B-A) 


•     •     •     • 


B  "0 

In  selecting  B  it  might  have  been  assumed  equal  to  A-f  u', 
thus  making  n=l.  This  would  somewhat  simplify  the  calcula- 
tion, and  would  be  of  equal  accuracy,  but  is  objectionable  from 
the  fact  that,  in  general,  this  volume  would  differ  considerably 
from  the  average  volume  obtained  when  n  has  a  greater 
•value  (always  an  integer),  and  the  resulting  series  of  errors 
would  assume  larger  numerical  values. 

The  errors  or  corrections  are,  for  purposes  of  interpolation, 
most  conveniently  represented  graphically  by  a  smooth  curve 
through  points  with  abscissas  proportional  to  the  direct  read- 
ings, 

A,  A-f  w',  A+u'-f  ti'',  etc., 

and  ordinates  to  the  corresponding  corrections. 

Should  it  be  necessary  to  increase  the  accuracy  by  a  second 
calibration  with  a  thread  of  different  length,  it  is  only  neces- 
sary to  take  one  of  approximately  an  integral  part  of  (B-A), 
and  when  the  final  curve  of  error  is  drawn,  make  the  error  at 
B  equal  to  zero,  distributing  the  difference  at  that  point  pro- 
portionally to  the  scale  readings,  among  the  errors  af  the  in- 
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termediate  points:    in  other  words,    to  shift  the  axis  of  ihe 
second  curve  of  error  so  that  it  shall  make  the  error  at  B  zero. 

This  method  requires  for  each  calibration  the  use  of  but  a 
single  thread.  The  computation  is  simple,  and  involves  a  mini- 
mum of  approximation.  Errors  of  observation  are  largely 
eliminated  by  the  number  of  settings  made  in  all  parts  of  the 
tube,  and  by  the  inspection  of  the  curve  of  lengths,  both  of 
which  operations  tend  in  an  unusual  degree  to  detect  mistakes 
or  any  minor  irregularities  of  the  capillary.  It  avoids  the 
common  requirements  of  setting  the  thread  exactly  at  certain 
definite  points  in  the  tube,  or  any  approximate  correction  for 
slight  errors  in  such  setting, — two  sources  of  considerable  erpr 
and  inconvenience,  especially  when  the  thread  must  be  set 
near  or  under  a  line  of  the  graduation.  And,  lastly,  the  total 
time  of  calibration  for  a  result  of  given  accuracy  is  reduced  to 
one-half  or  one-third  of  that  required  by  Neumann's  method, 
the  quickest  and  mo»t  satisfactory  with  which  I  am  acquaiuted 
except  that  given  by  Pickering.  The  latter,  described  with 
some  slight  inaccuracies,  at  the  reference  noted  below,  is  a  neat 
application  of  the  graphical  method ;  and  the  curve  of  lengths 
of  thread  adopted  in  the  method  which  I  have  described  is 
identical  with  the  corresponding  one  given  by  Professor  Pick- 
ering, while  the  whole  process  is  fully  one-ihird  shorter  and 
somewhat  more  accurate.  From  a  series  of  calibrations  execu- 
ted upon  the  same  thermometer  (one  with  a  millimeter  scale, 
by  Baudin,  of  Paris),  using  a  variety  of  methods,  I  have  ob- 
tained slightly  more  concordant  results  with  the  proposed 
method  than  with  Neumann's  or  Pickering's,  all  those  possess- 
ing, however,  nearly  the  same  degree  of  precision,  and  decid- 
edly better  results  with  these  than  with  any  of  the  other  exist- 
ing simple  methods. 

Considerable  aid  in  eliminating  errors  of  parallax  in  such 
work  is  sometimes  found  by  looking  down  upon  the  horizontal 
thermometer  through  a  vertical  tube  having  a  small  hole  at 
each  end.  One  of  the  cheap  French  microscopes  with  its 
lenses  removed,  and  inverted  in  its  stand,  answers  this  purpose 
well. 

With  such  a  device  two  calibrations  of  the  above  described 
thermometer  with  threads  of  3  cm.  and  5  cm.  respectively,  each 
with  only  one  series  of  observations,  and  requiring  not  more 
than  one  hour  and  a  half  each  for  completion,  gave  results 
whose  average  difference  from  each  other  at  nine  points  was 
0*04  tnm.,  and  the  arithmetical  sum  of  the  extreme  differences 
was  0*12  mm.,  a  result  of  sufficient  accuracy  for  any  class  of 
work  of  which  such  an  instrument  is  capable. 

For  \>v\Qi  descriptions  of  methods  of  separating  threads  of 
mercury  for  calibration,  reference  may  be  made  to  the  paper 
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by  Russell,  and  the  text-book  by  Pickering,  noted  below. 
These  processes  are  in  general  use,  and  are  safe  and  con- 
venient 

yLhss.  Institute  of  Technology,  Boston,  Feb.  1,  1882. 
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Art.  XXX. — Physics  of  the  EarMs  Crust;  by  the  Rev. 
Osmond  Fisher,  M.A.,  F.G.S.* 

Mr.  Osmond  Fisher  has  long  been  known  to  geologists  as  a 
writer  upon  the  higher  and  more  difficult  problems  connected 
with  the  evolution  of  the  earth's  physical  features.  His  quali- 
fications for  this  kind  of  discussion  are  rare  to  an  extreme 
degree,  for  he  possesses  extended  knowledge  of  geological  sci- 
ence considered  as  a  category  of  observed  facts,  and  unites  to  it 
both  wisdom  and  knowledge  in  physical  science  and  great  skill 
in  mathematical  analysis.  Such  men  are  indeed  rare,  and  the 
need  for  them  is  very  urgent.  For  upwards  of  ten  years  papers 
by  him  have  appeared  in  the  Transactions  of  the  Cambridge 
Philosophical  Society  and  in  the  Journal  of  the  Geological 
Society,  the  more  important  of  which  deal  with  the  mechanical 
problems  arising  in  inquiries  as  to  the  origin  of  the  earths 
features.  These  papers  are  almost  unique,  for  they  are  attempts 
to  apply  quantitative  as  well  as  qualitative  tests  to  the  various 
theories  which  have  been  advanced  to  account  for  such  features. 
The  present  work  takes  those  papers,  originally  disjointed,  and 
with  the  addition  of  much  new  matter,  shapes  them  into  a  well 
proportioned  whole,  with  a  strong  bond  of  connective  logic 
roDning  through  it. 

♦  Physics  of  the  Earth's  Crust.    By  ihe  Rov.  Osmond  Fisher,  M.A.,  P.G.S. 
pp.  299,  Svo.    London:  Macmillan  &  Go.     1881. 
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The  first  chjipter  is  upon  Underground  Temperature,  and 
recites  those  observed  facts  which  lead  to  the  universally 
received  opinion  that  the  earth's  interior  is  hot  These  can  be 
stated  very  brielly.  They  are,  Ist,  the  observed  increase  of 
temperature  as  wo  penetrate  the  strata,  and  2d,  volcanic  phe- 
nomena. These  cpnsiderations  are  so  familiar  that  no  extended 
discussion  is  given  to  them.  The  main  work  of  the  chapter  is 
devoted  to  an  examination  of  the  case  presented  bv  the  arte- 
sian boring  at  Sperenberg  in  Prussia,  which  was  believed  by 
Prof.  Mohr  to  lead  to  the  inference  that  at  the  depth  of  only  a 
mile  the  temperature  ceased  to  augment  with  increasing  depth. 
Mr.  Fisher  shows  that  these  observations,  though  apparently 
anomalous  at  first  sight,  are  probably  not  so  in  reality.  He 
holds  it  to  be  a  just  inference  that  everywhere  throughout  the 
earth's  external  shell  the  temperature  increases  at  a  nearly  uni- 
form rate  for  each  locality  for  25  or  30  miles,  below  which  hori- 
zon the  increment  becomes  noUibly  less  rapid,  and  that  below 
ICO  miles  at  most  there  is  no  noteworthy  increase.  This  result 
Hows  from  the  application  of  Fourier's  theorem  of  the  conduc- 
tion of  heat  and  from  the  amplification  of  that  theorem  by  Sir 
William  Thomson. 

The  second  chapter  has  reference  to  the  physical  condition  of 
the  earth's  interior.  Here  the  conclusions  are  necessarily  very 
limited.  As  regards  the  distribution  of  density,  it  is  satisfac- 
torily established  that  the  mean  density  being  about  o'o  and 
the  external  density  about  2*65,  the  density  of  the  interior 
appi-oaches  that  of  the  metals,  iron,  silver,  eta,  and  probably 
inei'eases  toward  the  center,  but  the  law  of  increase  is  wholly 
unknown.  For  the  purposes  of  subsequent  discussion,  it  is 
much  more  essential  to  frame  some  reasonable  provisional 
hypothesis  regarding  the  solidity  or  Huidity  of  the  earth.  The 
physicists  claim  that  the  phenomena  of  tides  demand  extreme 
rigidity  in  the  earth  mass,  while  geological  considerations  • 
demand  a  notable  degree  of  interior  plasticity  if  not  liquidity. 
As  a  compromise,  Mr.  Fisher  asks  whether  the  demands  of 
Iwth  parties  may  not  be  met  by  ix)stulating  a  large  solid  nucleus 
and  solid  crust  with  an  intervening  layer  of  plastic  magma. 
Such  a  construction  could  be  accounted  for  (plausibly  at  leastj 
by  regarding  the  solidity  of  the  nucleus  as  due  to  pressure  and 
the  solidity  of  the  crust  a<  due  to  coolinsr:  while  the  interven- 
itiiT  shell  is  nearly  as  hot  as  the  nucleus  and  maintains  the 
liquid  condition  because  it  is  subject  to  a  lighter  pressure. 

The  third  chapter  is  a  quantitative  investigation  of  the  densi- 
ties and  pressures  existing  at  various  depths  which  follow  from 
;issuming  Isi,  the  law  a«lopted  by  Sartorius  von  Waltershausen, 
and  2d.  the  law  of  Ijjiplace. 

In  the  tourth  chapter  he  piXH*eetls  to  some  of  the  geological 
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)ects  of  the  subject.  The  outward  appearance  of  the  crust 
the  earth  indicates  that  it  has  been  subjected  to  great  vio- 
ice.  The  distortions  of  the  crust  and  also  the  special  phe- 
mena  of  volcanism,  demand  a  source  of  energy  for  their 
planation.  Within  the  earth  we  know  of  heat  and  gravita- 
n  as  possible  sources  of  such  energy.  Have  these  really 
en  the  agents,  and  if  so,  in  what  specific  manner  have  they 
;ed?  The  compression  to  which  strata  seem  to  have  been 
bjected,  is  very  generally  explained  by  the  hypothesis  that  the 
:erior  of  the  globe  has  contracted  through  secular  cooling, 
lile  the  crust  collapsing  upon  the  shrinking  nucleus  becomes 
inkled  and  distorted.  Mr.  Fisher  proceeds  to  compute  the 
ensity  of  the  compressive  force  which  would  be  generated  in 
angent  to  the  crust  upon  this  supposition,  and  finds  it  to  be 
out  830,000  tons  upon  the  square  foot.  So  far  as  intensity 
concerned,  there  can  be  no  doubt  of  the  sufl&ciency  of  this 
3S3ure. 

Having  shown  the  sufficiency  of  this  factor  he  then  pro- 
3ds  to  inquire  (Chapter  V)  whether  the  work  has  really  been 
jomplished  in  this  way.  He  begins  by  seeking  for  some 
jasure  of  the  inequalities  of  the  surface;  taking  first  the 
5ater  inequalities ;  the  oceanic  basins  and  continents.  If  the 
isting  inequalities  of  the  surface  were  leveled  down  and 
read  out  they  would,  he  estimates,  form  a  layer  over  the 
lole  earth  from  9,500  to  13,000  feet  thick — an  under-  rather 
in  an  over-estimate. 

In  the  next  chapter  he  proceeds  to  inquire  how  great  are  the 
jqualities  which  might  have  been  produced  by  secular  cool- 
Using  Thomson's  adaptation  of  Fourier's  law  of  cooling, 

computes  that  even  upon  the  most  extravagant  assumption 
?  inequalities  would  not  amount  to  more  than  a  layer  900 
t  thick,  and  upon  a  moderate  assumption  200  feet  would  be 
irer  the  mark. 

So  great  is  this  discrepancy  that  the  contractional  hypothesis 
3omes  wholly  incompatible  with  the  theory  of  a  solid  globe, 
i  we  seem  compelled  to  conclude  either  (I)  that  the  inequal- 
»s  are  not  due  to  compression,  or  (2)  some  other  cause  than 
J  contraction  of  a  solid  globe  through  mere  cooling  must  be 
ight.  In  this  chapter  also,  Mr.  Fisher  brings  out  some  con- 
era  tions  which  are  of  crushing  and  destructive  weight 
linst  the  contractional  hypothesis  as  ordinarily  conceived, 
t  he  regards  the  facts  of  nature  to  be  substantial  proof  of  the 
.lity  of  great  lateral  compression,  and  he  requires  "a  liquid 
at  least  plastic  substratum  for  the  crust  to  rest  on  which  will 
ovf  it  to  undergo  a  certain  amount  of  lateral  shift *'     if  this 

granted  many  things  will  become  explicable.  From  a 
uid  or  plastic  substratum  it  would  follow  that  the  position  of 


r 
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rest  in  the  crust  would  be  approximately  the  position  of  hydro- 
static equilibrium.  Mr.  Fisher  assumes  this  plastic  substratum 
henceforward  through  the  remainder  of  his  work. 

The  subsequent  chapters  are  devoted  chiefly  to  a  considera- 
tion of  the  consequences  which  would  flow  from  the  following 
postulates,  both  of  which  Mr.  Fisher  regards  as  being  forced 
upon  our  conviction  by  the  nature  of  the  facts  to  be  explained. 

1st  That  lateral  compression  has  acted  upon  a  grand  scale  in 
developing  the  earth's  physical  features;  2d,  that  the  earth  has 
an  inflexible  crust  resting  upon  a  liquid  or  plastic  substratum. 
It  would  be  impossible  in  so  brief  a  notice  to  do  justice  to  the 
many  ingenious,  suggestive  and  valuable  ideas  he  throws  oat 
in  this  discussion  and  only  the  most  striking  ones  can  be 
alluded  to. 

Mr.  Fisher  inclines  to  the  following  explanation  of  the  origin 
of    mountains.     He  recognizes  difficulties  in  it  but  it  avoids 
more  difficulties  than  any  other  he  can  think  of.     Granting  a 
plastic  substratum  of  somewhat  greater  density  than  the  crust, 
It  is  possible  that  the  compression  of  the  strata  (from  whatso- 
ever cause  arising)  may  be  localized  in  a  narrow  belt  or  zone. 
At  this  disturbed  traci,  as  he  calls  it,  where  the  yielding  takes 
place,  the  crust  becomes  thickened  greatly.     But  its  position  of 
rest  must  observe  the  law  of  hydrostatic  equilibrium  or  simple 
flotation.     If  by  means  of  compression   the  amount  of  Ughkr 
crust-matter  is  increased  in  any  locality  it  displaces  denser  mat- 
ter in  the  plastic  substratum.     The  height  to  which  the  surface 
of  the  disturbed   tract  will  rise  above  the  mean  level  will  be 
proportional  to  the  difference  of  densities  of  crust  and  substra- 
tum respectively  and  also  to  the  amount  of  local  thickening  of 
the  crust  by  the  compression.     The  ratio  of  the  density  of  the 
crust  to  the  density  of  substratum  he  takes  at  about  0*905, 
which  is  not  far  from  that  of  ice  to  water.     Hence  when  a  dig. 
turbeil  tract  of  the  crust  is  thickened    by  compression  raacl 
the  greater  part  of  the  thickening  consists  in  additions  to  the 
under  surface  of  the  crust  and  only  a  small  part  in  additionsto 
the  upper  surface.     The  bulge  downward  is  some  nine  timei 
greater  than  the  bulge  upward.     Mr.  Fisher's  great  difficulty 
here  is  in  tindine  an  adequate  source  of  so  great  an  amount  of 
compression.     lie  examines  the  possibilities  of  contraction  by 
secular  coi^ling  and  of  contraction  by  the  extravasation  of  vol- 
canic etHuvia  and  reiev.ls  l»oth  as  beine  loially  inadequate.   As 
a  last  rt^ort  he  suggest>  with  much  diffidence  the  following » 
a  pc^ssible  s^nirce.  viz :  the  opening  of    fissures  in  the  under 
portion  of  the  crust,  whi«-h  being  tilled  with  elastic  vapors aie 
ai  once  subieote*!  to  great  horizonuil  compression.     Althougb 
this  suiT'^estion  appears  :tt  nr?t  -intenable  it  would  be  simple 
justice  to  Mr.  Fistier  to  rea-i  his  ext^^  sition  of  it  before  passing 
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ment  upon  it.     The  discussion  cannot  be  briefly  summa- 

his  view,  volcanic  energy  is  the  motive  power  in  produc- 
orapression  ;  thus  reversing  the  hypothesis  of  Mallett  who 
ed  volcanic  energy  from  compression.  Mr.  Fisher  also 
'es  from  his  construction  a  mechanism  for  volcanic  action, 
>ince  it  is  impossible  to  abstract  his  view  and  do  it  justice, 
eader  must  be  referred  to  the  work  itself, 
we  may  venture  to  sum  up  in  a  very  few  sentences  the 
ral  tenor  of  this  book  we  should  say  that  its  earlier  and 
le  chapters  show  that  interior  contraction  cannot  be  the 
re  or  origin  of  the  earth's  physical  features.  Nevertheless 
?isher  feels  that  the  facts  presented  by  the  disturbed  tracts 
le  earth's  crust  compel  us  to  assume  that  they  have  been 
;ct  to  great  compression,  and  we  have  no  alternative  but 
cept  this  as  a  fact  plain,  simple  and  taught  clearly  by  Na- 
herself.  Failing  to  find  beneath  the  crust  any  source  of 
)ression  agreeing  in  amount  and  kind  with  that  demanded 
le  facts  be  seeks  one  within  the  crust  itself.  The  opening 
ssures  in  the  under  surface  of  the  crust  which  are  filled  at 

by  elastic  vapors  would,  he  thinks,  supply  the  requisite 
linery  not  only  of  compression  but  also  of  volcanic  action. 

this  work  Mr.  Fisher  has  rendered  extremely  valuable 
ce  to  the  science  of  physical  geology,  and  chiefly  to  that 
ch  which  deals  with  its  largest  and  noblest  problems.  My 
thoughts  have  for  some  years  run  so  much  in  the  same 
;,  that  it  would  be  most  pleasant  to  speak  at  considerable 
h  upon  many  points  he  has  discussed,  but  I  can  acjvert  to 
a  few  of  them.  First  and  foremast  he  has  rendered  most 
,ual  service  in  utterly  destroying  the  hypothesis,  which 
)utes  the  deformations  of  the  strata  and  earth's  crust,  to 
ior  contraction  by  secular  cooling.  No  person,  it  seems  to 
an  sufficiently  master  the  cardinal  points  of  his  analysis, 
)at  being  convinced  that  this  hypothesis  is  nothing  but  a 
ion  and  a  snare,  and  that  the  quicker  it  is  thrown  aside 
ibandoned,  the  better  it  will  be  for  geological  science. 
It  while  he  has  overthrown  the  hypothesis  of  contraction 
^cular  cooling,   there  are  possibly  a  few  geologists,  who 

feel  constrained  to  take  the  ground  so  ably  maintained 
Vofessor  LeConte,  that  if  there  has  been  no  appreciable 
action  by  secular  cooling,  there  has  been  some  other 
\  of  interior  contraction  ;  for  contraction  is,  they  think, 
utely  necessary  to  explain  the  physical  features  of  the 
.  Mr.  Fisher  has  touched — all  too  brieflv  it  seems  to 
•upon  an  argument  quite  as  fatal  to  this  modified  form 
e  theory,  as  the  one  he  hns  so  fully  elaborated,  and 
id,   of  a  more  direct  and  comprehensive  character.     For 


288  O,  Fishifr—PhyHWs  of  ths  Earth's  Crmt 

the    features   to    be  explained  are  not  such  as  would    I 
been    produced   by  contraction.      The  strains  set  up   in 
crust  by  a  shrinking  nucleus  would    be  such,    that  for 
given  amount  of  corrugation  with  the  axes  in  one  direct 
there  must  be  an  equal  amount  with  the  axes  at  right  an 
to  that  direction.     The  localization  of   mountain    chains 
plications   in  long  narrow  belts,  with  the  axes  of  the  f 
all  approximately  parallel,  with  no  corresponding  plicatior 
right  angles  to  them,  is  an  impossible  result  of  a  collap: 
spnerical  shell.     It  certainly  seems  as   if  those  who  advo 
contraction  had  inferred  that  the  tangential  strains  set  u| 
such  a  cause,  would  act  only  in  two  opposite  directions;  wl: 
as,  since  they  must  be  uniformly   distributed   over  the  er 
spherical  surface,  they  must  act  in  every  direction  within  a 
gent  plane  at  any  point 

Mr.  Fisher's  postulate  of  a  solid  crust,  resting  upon  a  plj 
substratum,  is  one  which  seems  indispensable  to  any  rati 
theory  of  terrestrial  physics.  It  will  hardly  be  questione( 
any  geologist  Indeed,  is  not  the  proof  of  it  abundant 
complete  ?  Surely  no  one  can  question  the  fact  that  the 
bodies  of  strata  deposited  in  all  areas  of  maximum  sedii 
tation  have  sunk  bodily  as  rapidly  as  they  accumulated. 
Paleozoic  strata  of  Western  Europe  and  Eastern  America 
Carboniferous  and  Mesozoic  system  of  the  west,  were  acci 
lated  in  comparatively  shallow  waters  with  the  surfac 
deposition  almost  coiistantly  near  sea-level.  But  if  they 
gressively  sank  in  this  way  they  must  have  displaced  yiel 
matter  beneath.  How  could  it  have  been  otherwise  ?  In 
face  of  a  conclusion  sustained  by  evidence  so  irrefragable, 
certainly  to  be  hoped  that  no  geologist  will  have  his  fait 
all  shaken  by  any  purely  theoretical  conclusions  which 
have  been  reached  by  physicists  in  their  discussions  of 
effects  of  tidal  strains  upon  the  earth.  Mr.  Fisher,  howc 
proposes  a  very  fair  compromise  to  the  physicista  He  m 
be  understood  assaying  to  them,  "give  me  a  rigid  crust  res 
upon  a  plastic  substratum,  and  you  may  do  what  you  like  ^ 
the  remainder."  If  this  concession  does  not  meet  the  reqi 
ments  of  the  physicist  so  much  the  worse  for  the  tidal  a 
ment  In  truth  the  position  of  the  geologist  here  is  incom 
ably  the  stronger  of  the  two.  The  plasticity  of  at  least  a 
shell  next  below  the  solid  external  rocks  has  a  validity  of 
highest  order.  Reasoning  or  induction  scarcely  enter  into 
it  is  substantially  an  observed  fact  But  the  tidal  arci^iu 
is  open  to  the  charge  of  a  well-known  form  of  logical  fal 
which  used  to  be  described  as  "  proving  too  much."  It  a^' 
that  the  earth  must  be  inconceivably  rigid,  otherwise  we  sb 
have  no  tides.  But  we  have  the  tides  and  nobody  serif 
believes  in  the  transceudental  rigidity. 
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Perhaps  the  best  feature  of  Mr.  Fisher's  book  is  the  skillful 
e  he  makes  of  a  direct  consequence  or  corollary  of  a  plastic 
bstratum.  The  elevations  and  depressions  of  the  different 
»rtion8  of  the  earth's  surface,  he  argues,  are,  on  the  theory  of 
[>lastic  substratum,  determined  by  hydrostatic  laws  alone, 
gidity  can  have  but  slight  influence  upon  them.  For  rigidity 
a  quantity  which  relatively  decreases  as  the  magnitudes  of 
e  masses  involved  increase.  In  the  continental  and  oceanic 
eas,  in  great  plateaus  and  mountain  systems,  rigidity  is  a  van- 
ling  (|uantity,  and  even  in  individual  ridges  of  grand  pro- 
►rtions  it  probably  has  no  great  value,  as  compared  with  the 
rces  which  produce  elevations  and  depressions.  The  profiles 
the  earth  therefore  become,  in  their  broader  features,  simply 
ose  which  are  due  to  flotation.  The  higher  portions  float 
gher  because  they  are  less  dense;  the  depressed  portions 
nk  deeper  because  they  are  more  dense.  The  manner  in 
hich  Mr.  Fisher  treats  this  very  obvious  consequence  of  a 
astic  substratum  is  most  admirable.  It  is  one  of  the  funda- 
lental  doctrines  of  his  book.* 

Having  proceeded  thus  far  it  is  somewhat  surprising  that 
[r.  Fisher  did  not  advance  one  step  farther.  Elevations  and 
epressions  (considered  as  actual  movements)  mean  one  of  two 
hings.  (1.)  Either  the  quantity  of  matter  underlying  the  ver- 
icaliy  moving  surface,  has  been  increased  or  diminished,  or 
•Ise  (2.)  the  volume  of  underlying  matter  has  increased  or  di- 
ninished.  The  change  is  either  a  local  change  of  mass  or  a 
;hange  of  density.  The  contractional  hypothesis  is  an  attempt 
X)  obtain  an  increase  of  mass  in  elevated  regions,  and  a  con- 
stant mass  in  the  depressed  regions.  It  has  signally  failed  and 
50  must  any  theory  of  this  purport  fail ;  for  later  investigations 
tre  more  and  more  firmly  establishing  the  fact,  that  elevated 
-egions  are  not  regions  of  greater  mass  nor  are  depressed 
regions,  regions  of  less  mass;  but  the  contrary.  And  even  if 
he  conclusion  sought  were  for  a  moment  sup|>osed  to  be  true, 
he  continents  and  great  plateaus,  as  Mr.  George  Darwin  has 
wently  shown,  could  not  be  sustained  without  a  transcendent- 
illj  rigid  globe  ;  much  less  could  they  with  a  ver^'  rigid  globe 
jver  have  been  pushed  up.  It  only  remains  to  seek  the  re- 
(uired  solution  in  causes  which  will  produce  load  changes  of 
lensity.  This  dilemma  is  by  no  means  sought  We  areappa- 
ently  driven  to  it  by  the  most  inexorable  of  logical  necessities, 
[ere  the  question   subdivides.     Shall    we   assume   that  these 

*  I  have  long  l)eeii  convinwd  that  this  doctrine  must  form  an  important  part 
any  tnie  theory  of  tlie  earth's  evolution.  In  an  im[>ublished  paper  I  have 
ed  the  terms  isoatatic  and  isostacy  to  express  that  condition  of  the  terrestrial 
^acc  wliich  would  follow  from  the  flotation  of  the  crust  upon  a  liquid  or  highlj^ 
»\\v  substratmn ; — diflferent  portions  of  the  crust  being  of  unequal  density. 
?>arir*  would  have  been  a  preferable  term,  but  it  is  preoccupied  in  hypaometrj'. 
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changes  of  density  are  all  so  many  varying  degrees  of  increased 
density,  or  shall  we  boldly  assume  that  local  expansion  is  a 
cause  of  upheaval  and  the  reverse  a  cause  of  depression? 
Mr.  Fisher  has  shown  the  difficultv  which  attends  the  former 
view.  There  is  no  'difficulty  in  supposing  that  the  crust  and 
subcrust  to  a  depth  of  100  to  150  miles  (not  the  true  interior 
be  it  observed)  may  have  contracted  its  volume.  It  may  have 
done  so  unequally  in  diflferent  portions.  But  the  differences  of 
elevation  in  various  parts  of  the  earth  are  too  great  to  admit  of 
reasonable  explanation  in  this  way.  Still  more  serious  and 
even  fatal  is  the  fact  that  some  regions  have  alternately  risen, 
sunk  and  risen  again.  Calling  this  "columnar"  contraction  to 
distinguish  it  from  nuclear  contraction,  it  must  be  said  that 
columnar  contraction  alone  cannot  explain  the  facts.  I  see  no 
resource  but  to  call  to  our  aid  columnar  expansion.  It  will  at 
once  be  objected  that  physical  science  furnishes  us  no  warrant 
in  the  known  processes  of  nature  for  such  an  assumption. 
Very  true.  Let  us  all  go  to  work  therefore,  and  try  to  find  a 
warrant  for  it. 

C.    E.    DUTTON. 


Art.   XXXI. — Notes  on  Physiological   Optics,   No.   Ill;  by 

W.  LeCoxte  Stevens. 

1.  Theory  of  Assoiiated  Mtscular  Action. 

In  previous  articles*  it  has  been  shown  that  the  current 
theory  of  binocular  perspective  applied  to  the  stereoscope  is 
not  only  incapable  of  accounting  for  many  observed  facts  but 
uns;\tisfactory  even  when  the  visual  lines  are  convergent; 
that  the  apparent  position  of  points  in  the  stereoscopic  field  of 
view  cannot  bo  determined  bv  anv  mathematical  formula  or 
accurately  representinl  bv  diagram:  and  that  this  impossibility 
is  due  to  physiological  conditions  attendant  upon  the  abnormal 
use  of  the  eves. 

That  oonvergenoo  of  visual  lines  should  be  deemed  a  neces- 
sarv  condition  in  binocular  vision,  or,  if  not  necessary,  at  least 
invariably  present,  and  that  it  should  be  assumed,  either  ex- 
pressly or  impliciily,  in  most,  if  not  all,  of  our  text-ljooks,  is 
doubtless  due  to  the  fact  that  theoretically  the  stereoscope  is 
intondeil  to  reprotiuee  as  nearly  as  |><>ssible  the  conditions  at- 
tendant u].H>n  normal  bin^vular  vision  of  the  objects  pictured. 
Sir  DaviiJ  Rrewsier  irave  es[Hvial  emphasis  to  the  theory  that 
every  point  in  the  lield  ot  view  is  detennined  by  triangulation 
with  visual  lines.  elaK>n\iing  this  idea  first  in  an  artirle,*  pub- 
lishi^l    in    1S44.    "l>n    the    Knowledire  of  Distance  given  bv 
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lar  Vision,"  and  subsequently  in  his  book  on  the  Stereo- 
published  in  1856.    Professor  W.  B.  R*:)gers  contributed 
Journal  in  1855  and   1856  a  series  of  most  interesting 
on  Binocular  Vision/  in  which  he  determined  matbe- 
\y  what  should  be  the  form  of  the  resultant  curve  when 
of  dissimilar  lines  are  binocularly  combined,  each  point 
1  curve  being  determined  by  intersection  of  visual  lines, 
performed  most  of  Professor  Rogers*  experiments  suc- 
ly  with  optic  divergence.     The  same  remark  applies  to 
of  Professor   LeConte,    wherever    the    combination    is 
I  by  diminution  of  the  convergence  that  would  be  nat- 
ordinary  vision. 

862,  Professor  C.  F.  Himes,  at  that  time  of  Troy  Uni- 
,  published  an  article*  in  which  he  criticised  Brewsters 
and  called  attention  to  the  modification  necessitated  by 
«3ibility  of  stereoscopic  vision  with  divergence  of  visual 
This  article,  which  was  sent  me  by  the  author  imme- 
after  the  publication  of  my  paper  in  November  last  in 
3urnal,  establishes  his  priority  in  this  country  in  discov- 
the  possibilit}'  of  stereoscopic  vision  by  this  method. 
►1  two  Germans,  Rollet  and  Becker,  published  a  method 
ibining  similar  images  by  optic  divergence,  the  possibil- 
doing  this  having  been  already  mentioned  by  Burck- 
Professor  Himes'  observations  were  made  without  any 
edge  of  what  had  just  been  accomplished  in  Germany. 
:n  discovery  was  likewise  independent;  finding  however 
thers  had  preceded  me,  and  that  prisms  had  been  oflen 
yed  to  test  the  external  rectus  muscles.  I  claimed  nothing 
is  ground,  but  devoted  my  attention  to  the  analysis  of 
by  optic  divergence  ;  for  on  this  little  had  been  written, 
jection  of  Brewster's  theory  and  the  expression  of  my 
tion  that  in  associated  muscular  action  is  to  be  found 
:planation  of  what  has  generally  been  referred  to  inter- 
I  of  visual  lines,  was  publicly  made  in  my  papers,  read 
6th  and  Aug.  19th,  1881,  the  latter  having  since  been 
hed  in  this  Journal.  It  is  a  source  of  satisfaction  now  to 
n  the  London  Lancet,  of  Oct.  22d,  and  Dec.  31st,  1881, 
)le  papers  written  by  Brigade  Surgeon  Tyler  Oughton,  of 
iiglish  army,  who  with  no  knowledge  of  what  had  been 
?sed  by  me,  reaches  conclusions  closely  akin  to  my  own, 
;uting  for  the  current  theory  that  of  **  muscular  consent,'* 
jecting  the  theory  of  corresponding  retinal  points. 
s  but  right  to  add  that  this  theorv  was  virtually  stated 
ofessor  Huxley"  in  1868,  and  in  such  a  way  as  quite 
7  to  indicate  its  applicability  to  the  phenomena  of  optic 
ence.  That  ho  should  have  been  satisfied  with  a  brief 
ent  that  has  passed  almost  unnoticed,  instead  of  elabo- 
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rating  it  in  refutation  of  Brewster's  theory,  was  probably  d 
to  the  fact  that  the  fallacy  and  popularity  of  the  latter,  in 
application  to  the  stereoscope,  had  not  been  brought  especial 
to  his  attention. 

2.    Rklatiox    betwekx    Diffekent    Elkmen'J's  of    BiNocrr, 

Pkrspectivi:. 

The  fact  that  in  all  stereoscopic  vision  there  is  necessarily : 
interruption  of  the  usual  relation  between  the  axial  and  foe 
adjustments  of  the  eyes  was  first  noticed  by  Professor  W. 
Rogers,  who  makes  however  no  reference  to  the  production 
any  disturbance  of  perspective,  as  noticed  by  myself.  In  tl 
articles  already  published  it  has  been  shown  that  even  wli« 
the  stereograph  is  so.  constructed  as  to  exclude  to  the  utmc 
the  ordinary  elements  of  perspective,  there  are  left  still  thr 
to  consider.     These  are — 

I.  The  optic  angle,  positive  or  negative,  enclosed  by  tl 
visual  lines  and  interpreted  through  the  sensation  of  contractic 
or  relaxation  in  the  rectus  muscles  of  the  eyeballs. 

II.  The  focal  adjustment,  interpreted  through  the  sensatic 
of  contraction  or  relaxation  in  the  ciliary  muscle  encircling  tl 
crystalline  lens. 

III.  The  visual  angle,  subtended  by  the  diameter  of  the  d 
ject  regarded,  and  interpreted  by  recognition  of  the  retin; 
area  impressed  but  instantlv  and  unconsciously  referred  to  tl 
external  object 

With  a  view  to  finding,  if  possible,  what  relation  these thn 
elements  bear  to  each  other  m  abnormal  vision  like  that  in  tl 
stereoscope,  I  constructed  a  modification  of  the  instrumei 
originally  devised   by   Wheatstone.       Upon   a  cubical  bloc 
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(fiu.  1)  two  plane  mirrors,  in  and  ///'.  were  cemented,  and  ii  pair 
of  arms   were  attached  to  carry  the  conjugate  pictures.  A  and 
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'.  These  arms  move  upon  a  pivot,  each  through  an  are  of 
>°,  under  a  divided  circle.     When  so  adjusted  that  the  angle 

incidence  on  each  side  is  45°,  the  direction  of  the  reflected 
ys  is  such  as  to  necessitate  parallelism  of  visual  lines  for 
ose  which  come  from  the  centers  of  A  and  A'  respectively. 

tlie  arms  are  pulled  forward  for  example  to  B  and  B',  the 
igle  of  incidence  becomes  such  that  the  eyes  must  be  made 

roll  inward  to  retain  binocular  combination  of  images ;  if 
jshed  back  toward  C  and  C,  divergence  of  visual  lines  is 
jcessitated.  The  value  of  the  optic  angle,  positive  for  con- 
srgence,  negative  for  divergence,  is  obtained,  with  but  trifling 
Tor,  from  the  circle.     On  each  side  let  the  picture  be  kept  at 

fixed  distance,  while  the  eyes  are  as  near  as  possible  to  the 
lirrors,  for  example,  so  that  Am  4-  mR  =  50*™.  For  this  dis- 
mce,  in  normal  vision,  the  value  of  the  optic  angle  would  be 
°  20'.  If  each  arm  therefore  be  pulled  forward  3°  40',  the 
linocular  image  appears  in  fall  relief  about  50*™  in  front 
ihifting  the  head  slightly  to  one  side,  the  rays  from  one  pic- 
ure  are  reflected  by  a  single  mirror  into  both  eyes,  and  the 
mage  now  appears  flat  at  the  distance  of  50*™.  The  apparent 
listance  of  this  flat  image  is  obviously  independent  of  the  rela- 
ion  between  the  arms  of  the  instrument,  and  serves  as  a  stan- 
lard  of  comparison,  the  optic  angle,  focal  adjustment  and 
risual  angle  all  conducing  to  the  same  judgment  of  distance. 

Modifying  slightly  the  formula  hitherto  employed,  we  have, 
br  the  distance,  D,  of  the  optic  vertex  from  each  eye,  deter- 
nined  by  intersection  of  visual  lines, 

D  =  ^/  cosec  \a^ 

vhere  I  is  the  interocular  distance,  and  a  the  optic  angle.  If 
his  equation  be  expressed  as  a  curve,  fig.  2,  taking  values  of 
ifor  abscissas  and  values  of  D  for  ordinatcs,  the  axis  of  ordi- 
lates  is  obviously  an  asymptote. 

Let  the  arms  now  be  pulled  forward  until  a  =  37°  20'.  The 
»rresponding  value  of  I)  is  lO*'™,  while  the  visual  angle  is  un- 
jbanged  and  the  focal  adjustment,  if  perfectly  distinct  vision 
)e  secured,  must  still  be  for  a  distance  of  50*™.  These  two  ele- 
aents  therefore  tend  to  counteract  the  suggestion  due  to  strong 
onvergence,  and  the  image  appears  perhaps  15*^°*  or  20*™  dis- 
ant.  Its  apparent  diameter  varies  directly  as  the  estimated 
istance,  and  is  diminished  to  '8  or  4  of  the  original  diameter, 
^lie  influence  of  axial  convergence,  though  partially  counter- 
3ted,  preponderates  over  that  of  the  other  elements  in  deter- 
lining  the  judgment. 

Let  the  arms  now  be  pushed  back  until  a  =—5°.  The  theo- 
Jtic  value  of  1)  is  negative  and  hence  physically  impossible, 
ut  practically  the  contraction  of  the  external  rectus  muscles 
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produces  the  impression  of  oontinued  receasion  in  a  positive 
direction.  Tbe  visual  angle  has  not  been  changed,  and  the 
focal  adjustment  not  enough  so  to  produce  any  very  perceptible 
decrease  in  distinctness  of  vision.  The  image  appears  perhaps 
60™  or  70™  distant,  but  this  estimate  is  quite  uncertain.  The 
apparent  diameter  is  of  course  increased.  The  effect  of  constancy 
in  the  visual  angle  in  this  case  seems  to  be  the  preponderating 
element  in  determining  the  judgment. 

The  results  of  experiment  with  the  apparatus  just  described 
are  given  in  the  curve  A  A',  of  Fig.  2.     The  stereograph  em- 
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ployed  was  one  of  the  full  moon,  .so  arranged  as  to  product; 
reversion  of  relief.  Distances  were  estimated  to  the  edge  of 
the  concavity,  which  was  surrounded  with  a  uniform  blaek 
surface.  It  is  .seen  that  tlie  curve  of  theoretic  distances,  DD', 
is  cut  by  that  of  apparent  distances,  AA',  not  far  from  tbe 
point  corresponding  tu  «=7°20'.  The  stereoscope  was 
manipulated  by  an  assistant  who  varied  the  optic  angle  in 
irregular  order,  reconling  each  value,  of  which  I  remained 
ignorant,  and  at  the  same  time  recording  my  corresponding  esti- 
mate of  distance.  The  curve  has  been  constructed  from  the 
record  of  six  independent  series  of  estimates.  In  consequence 
of  the  difficulty  of  securing  perfect  dissociation  between  aiial 
and  focal  adjustments  for  large  positive  values  of  the  optic 
angle,  4:'3''  has  been  taken  as  a  limit,  though  80°  of  converg- 
ence is  p().ssiblc.  For  negative  values  the  difsociation  is 
difficull,  but  heyonil  -'<",  the  imago  is  apt  to  he  un.steadv. 
As  might  be  expected,  the  curve  is  not  regular,  the  probable 
error  being  ±8""".  It  is  found  almost  to  coincide  with  the  t!l^ 
oretic  curve  for  a  .short  distitnce  on  each  side  of  the  intersec- 
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n,  but  the  judgment  is  much  vitiated  as  we  depart  from  the 
iditions  of  normal  vision.  Even  for  «=7°  20'  my  estimate 
distance  was  too  small,  and  as  a  whole  the  curve  shows 
ikingly  how  fallacious  must  be  any  conclusions  drawn  from 
ewster's  theory  that  there  is  a  necessary  connection  between 
parent  distance  and  optic  convergence,  or,  as  he  expressed 
that  we  "see  distance,"  instead  of  judging  it  as  contended 
Berkeley. 

The  curve  also  shows  that,  under  the  conditions  imposed, 
I  variation  in  apparent  distance  is  not  very  great  between 
J  limits  of  —2°  and  +5°,  within  which  the  optic  angle  is  in- 
ided  in  most  cases  of  binocular  vision  with  lenticular  stereo- 
)pes.  This  explains  my  remark  in  a  former  article  that  the 
igment  of  absolute  distance  is  *^  in  practice  nearly,  but  not 
ite,  independent  of  the  optic  angle,"'  but  is  influenced 
ther  by  physical  perspective.  In  these  cases,  it  will  be  ob- 
rved,  the  field  of  view  is  quite  limited,  and  tlie  optic  angle 
)t  very  large. 

Sir  David  Brewster'  noticed  the  strong  effects  obtained  with 
)nvergence  of  visual  lines  by  combining  the  images  of  per- 
icily  similar  patterns,  recurring  regularly  and  in  great  num- 
er,  on  large  surfaces.  When  an  extended  field  of  view  is 
ccupied  by  such  images,  the  effect  of  contraction  in  the  rectus 
luscles  seems  to  be  more  marked  in  comparison  with  that  of 
be  other  elements  of  perspective,  in  estimating  absolute  dis- 
ince  there  being  no  contrast  of  background  and  foreground  to 
iterfere.  This  enhancement  is  noticeable  also  when  the  vis- 
al  lines  are  made  to  diverge,  but  still  the  positive  visual 
ngle  is  more  important  than  the  negative  optic  angle  in  deter- 
lining  the  resultant  effect.  This  is  well  shown  by  the  follow- 
ig  experiment:  A  large  vertical  surface  is  found  upon  which 
here  are  regularly  recurring  figures  separated  from  each 
ther  by  an  interval  3"™  in  excess  of  my  interocular  distance, 
•landing  50*^  off,  in  front,  the  images  of  contiguous  pairs  are 
ombioed  by  axial  divergence,  the  optic  angle  being  very 
early  —0°  21'.  The  illusion  is  that  of  a  papered  wall  about 
"  distant.  Approaching  them  until  the  divergence  is 
oubled,  the  wall  appears  about  2™  distant.  The  increase  of 
ivergence  tends  to  produce  the  effect  of  apparent  recession, 
ut  this  is  much  more  than  counteracted  by  increasing  the  vis- 
al  angle  as  the  true  distance  is  diminished,  causing  the  exter- 
ally  projected  image  to  appear  to  approach  from  the  further 
de,  instead  of  receding.  The  size  of  the  retinal  image  varies 
I  accordance  with  a  well  known  law,  but  optic  divergence 
ightly  modifies  the  interpretation  that  would  otherwise  be  sug- 
ested  by  the  sensation.  The  apparent  distimce  and  diameter 
re  thus  made  to  vary  together  at  will.     Comparing  the  for- 
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mer,  however,  3™,  with  that  expressed  in  the  curve  A  A',  08"", 
for  the  same  negative  optic  angle,  and  the  same  real  distance, 
50*^,  it  is  seen  that  the  change  of  conditions  has  produced  a 
great  change  in  the  unconscious  interpretation  of  the  retinal 
image.  In  both  cases  the  facts  contradict  Brewster's  theory  of 
triangulation.  Brewster*  himself  noticed  that  when  the  com- 
bined image  is  small  in  comparison  with  the  whole  field  of 
view,  it  did  not  appear  at  its  calculated  distance,  even  with 
convergence  of  axes,  and  to  get  rid  of  the  disturbance  due  to 
comparison  he  resorted  to  large  surfaces  with  geometrical  pat- 
terns, but  evidently  without  suspecting  that  optic  divergence 
in  viewing  them  was  possible. 

While  the  curve  A  A',  fig.  2,  represents  the  result  of  exper- 
iment upon  myself  alone,  similar  results  have  been  obtained 
from  the  examination  of  several  other  persons.     In  each  case 
the  range  of  uncertainty  has  been  large,  and  the  curve  of  theory 
has  been  found  to  be  crossed   by  that  of  experiment  near  the 
point  corresponding  to  the  optic  angle  of   normal  binocular 
vision.     Estimated  distances  were  always  greater  or  less  than 
distances  calculated  by  use  of  the  formula,  according  as  the 
optic  angle  was  greater  or  less  than  that  of  normal  vision  at 
the  true  distance  of  the  object  regarded.     For  small  and  nega- 
tive angles,  not  only  is  the  departure  of  the  curve  of  experi- 
ment from  that  of  theory  very  rapid,  but   the   uncertainty  in 
the  estimate  of  distance  is  increased.     For  larger  angles  the 
two  curves  approach   more  nearly  to  coincidence  if  the  ob- 
server is  well   practiced  and  at  the  same  time  presbyopic,  so 
that  ciliary  adjustment  interferes  less  with  the  suggestion  due 
to  axial  adjustment. 

There  are  several  considerations  which  interfere  still  further, 
in  comparing  results  obtained  from  different  observers.  One 
person  may  be  less  accustomed  than  another  to  depend  upon 
the  sensation  of  muscular  strain  in  interpreting  visual  percep- 
tions. The  definiteness  of  the  interpretation  becomes  less  as 
the  departure  from  normal  conditions  increases.  The  same 
degree  of  convergence  or  divergence  may  imply  greater  mus- 
cular strain  for  one  pair  of  eyes  than  for  another,  according 
to  the  elasticity  and  vigor  of  the  muscles,  or  the  age  of  the  in- 
dividual. Even  when  the  real  distance  of  the  object  is  varied 
with  the  optic  angle  according  to  the  formula  so  that  there  is 
no  departure  from  the  conditions  of  normal  vision,  the  esti- 
mates of  each  observer  will  be  found  to  be  aftected  with  a 
nearly  constant  error,  as  has  been  shown  by  the  experiments  of 
Helmholtz  and  Wundt.*  This  error  was  more  than  83  percent 
of  the  true  distance  in  many  of  Wundt's  experiments.  In  abnor- 
mal vision,  furthermore,  the  dissociation  between  axial  and 
focal  adjustments  is  usually  not  instantaneous,  and  for  strong 
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Qvergence  it  is  very  limited.  The  curve  A  A'  might  perhaps 
ve  approached  more  neaily  thai  of  theory  had  I  waited  Ion- 
r  for  ciliary  adaptation,  but  this  in  turn  involved  great 
;igue  in  the  rectus  muscles,  especially  when  many  experi- 
jnts  in  succession  were  made,  and  the  error  was  as  great 
>m  this  cause  as  from  imperfect  dissociation.  Brewster 
serves,  in  reference  to  the  binocular  image  obtained  by 
xjed  convergence,'*  that  **it  generally  advances  slowly  to  its 
w  position,"  and  he  speaks  of  **  the  influence  of  time  over 
I  evanescence  as  well  as  the  creation  of  this  class  of  pbe- 
raena.''  The  nature  of  focal  accommodation  by  action  of 
?  ciliary  muscle  was  not  then  known — (1844). 

3.     A.  New  Mode  of  Stereoscopy. 

The  study  of  physiological  perspective  has  enabled  me  to 
>ain  the  explanation  of  a  phenomenon  first  observed  by 
•ewster,  but  not  explained  by  him,  and  directly  contrary  to 
?  theory  of  visual  triangulation.  In  viewing  with  strong 
oss-vision  a  large  plane  surface  on  which  are  regularly  recur- 
ng  figures,  such  as  wall  paper,  a  phantom  image  of  the  wall  is 
isily  obtained,  which  appears  suspended  in  mid-air.  Of  this  im- 
ye  Brewster  observes  in  passing,  that  "the  surface  seems  slightly 
jrved,"*  but  discusses  this  feature  no  further.  His  explana- 
on"  of  the  production  of  the  phantom  wall  is  easily  under- 
tood.    Let  A,  B,  C,  etc.  (fig.  3),  be  equidistant  points  on  the 

3. 


all,  in  front  of  which  stands  the  observer  whose  eyes  are  at 
and  L.  If  the  right  eye  be  directed  to  A  and  the  left  to  A', 
le  intersection  of  visual  lines  is  at  a.  In  like  manner,  h  and  c 
e  determined,  and  it  is  an  obvious  geometric  necessity  that 
e  locus  of  the  phantom  surface  must  be  a  plane  SS'  parallel 
the  given  plane  AC,  assuming  the  line  LR  to  be  parallel  to 
also.  It  cannot  be  a  curve  S"  S'",  if  the  theory  be  true. 
)  make  the  curvature  apparent,  the  optic  angle  must  be 
•ge;  and  on  account  of  the  exceeding  muscular  strain  it  in- 
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volves,  the  experiment  has  probably  been  rarely  tried,  and 
soon  passed  into  oblivion.  The  curvature  of  the  phantom  Bar- 
lace,  in  a  median  plane  passing  vertically  between  the  eyes, 
was  rediscovered  a  short  time  ago  by  Professor  LeConte,  and 
soon  afterward  I  discovered  the  curvature  in  all  directions. 

The  effect  is  in  no  way  due  to  intersection  of  visual  lines, 
but  to  the  opposite  obliquity  of  vision  with  each  eye  separately, 
combined  with  the  fuct  that  the  retinal  surface  is  not  plane  bat 
almost  spherical  at  the  points  impressed,  the  center  of  curvatare 
being  very  near  the  nodal  point  of  the  crystalline  lens.  The  ex- 
periment is  therefore  far  easier  and  more  striking  if  optic  paral- 
lelism  or  slight  divergence  be  substituted  for  strong  convergCDce, 
and  if,  instead  of  a  wall,  .1  pair  of  cards  be  employed,  on  which 
are  perfectly  similar  figures,  such  as  a  pair  of  similar  series  of 
concentric  circles.  If  tliere  bedifEculty  in  directing  the  eyes,  to 
ordinary  stereoscope  can  be  used  as  an  aid.  I  have  devised  a 
simple  attachment  for  the  adjustable  stereoscope  described  io  my 
last  paper,  by  which  one  can  with  perfect  ease  thus  secure  stereo- 
scopy  with  similar  figures.  Dissimilarity  between  the  exteroil 
pictures  has  hitherto  been  deemed  indispensable  for  the  attain- 
ment of  true  stereoscopic  effects.  The  present  method  the^^ 
fore,  in  which  advantage  is  taken  of  the  globular  form  of  the 
eye,  so  far  as  1  can  learn,  is  entirely  new.  The  binocular  relief 
moreover  can  be  reversed  at  will  without  consciously  changing 
the  relation  between  the  visual  lines,  and  the  same  pairofsimi. 


lar  pictures  can  be  examined  with  comfort  while  in  form  the 
binocular  image  changes  from  an  elliptic  convex  shield  to » 
flat  circular  plate  and  thence  into  a  deep  elliptic  cup;  the  pro- 
CfeHB  being  reversed  at  pleasure. 
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The  attachment  consists  of  an  ordinary  cross-bar,  M  N,  fig.  4, 
ich  may  be  placed  as  near  as  convenient  in  front  of  the  eyes 
ose  optic  centers  are  at  O  and  O',  the  visual  lines  being  par- 
j1  and  passing  through  points  C  and  C.  These  are  the  cen- 
j  of  the  conjugate  series  of  concentric  circles,  on  cards  whose 
nes  are  perpendicular  to  the  principal  plane  of  vision,  and 
ich  rest  on  extra  short  bars,  P  Q  and  P'Q'.  The  latter  are 
oted  on  the  cross-bar  so  as  to  revolve  about  vertical  axes 
sing  through  C  and  C  respectively.     Let  P]D  and  E'D'  be 

horizontal  diameters  of  the  largest  circles,  the  cards  having 
n  revolved  so  as  to  make  with  each  other  a  dihedral  angle 
ning  toward  the  observer.  Their  relation  to  the  visual  lines 
)bviously  the  same  as  if  their  planes  were  coincident  and  the 
ual  lines  crossed,  making  the  optic  angle  equal  to  the  sum  of 
^\)  and  MCE',  as  in  Brewster's  experiment.  The  retinal 
ejections  of  ECD  and  E'C'D'  are  ecd  and  e'c'd'.  Since  the 
ingles  EOD  and  E'O'D'  are  oblique,  their  medians  divide 

angles  at  0  and  O'  unequally  ;  hence  dc^ce  and  d'c  <ic'e', 
e  retinal  images  in  the  two  eyes  are  hence  dissimilar;  and 
8  dissimilaritv  may  be  made  so  great  by  increasing  the  angles 
CD  and  MCE'  that  the  binocular  image  becomes  confused 
the  eyes  are  not  made  to  play  rapidly  over  the  picture.  If 
3  attention  be  momentarily  withdrawn  from  C  and  C  to  D 
d  D',  the  visual  lines  become  divergent  to  an  extent  meas- 
ed  by  the  difference  of  the  angles  DOC  and  D'O'C.  The 
sociated  contraction  of  the  external  rectus  muscles  which  this 
cessitates  at  once  produces  the  sensation  that  habitually  ac- 
mpanies  recession  of  the  object  binocularly  viewed.  The 
1)6  is  true  if  the  attention  be  restored  to  C  and  C,  and  then 
ren  to  E  and  E^  The  binocular  image  of  the  horizontal 
imeter  must  hence  be  perceived*  as  a  curve,  convex  toward 
J  observer. 

Each  circle  moreover  must  be  projected  upon  the  retina  ap- 
>ximately  as  an  ellipse  whose  minor  axis  is  horizontal,  its  ratio 
the  major  axis  being  readily  calculable  if  the  angle  of  incli- 
tion  be  known.  But  the  retinal  ellipses  are  no  longer  concen- 
13  (figures  5  and  6),  the  extent  of  retinal  displacement  depend- 
y  on  the  extent  of  the  minor  axis  in  each.  If  the  successive 
rtices  be  connected,  we  have  two  curved  lines,  ACB  and 
C'B'.  If  these  be  binocularly  combined  and  externally  pro- 
wled, since  C  C  is  less  than  A  A'  and  B  B',  optic  divergence 
comes  necessary  in  transferring  the  attention  from  C  and  C 
A  and  A'  or  B  and  B'.  The  binocular  image  of  the  vertical 
imeters  must  hence  be  perceived  as  a  curve,  convex  toward 
B  observer. 

Let  F  and  G  (fig.  6)  be  points  symmetrically  situated  with 
jard  to  the  vertical  diameter  and  hence  equidistant  from  D 
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and  E  respectively.  When  the  card  is  revolved,  as  in  fig.  4, 
the  distance  O  E  exceeds  0  D,  and  hence  the  visual  angle  sab- 
tended  by  EG  is  Ies8  than  that  subtended  by  D  F.  Everj 
ellipse  therefore  is  distorted.     To  each  eye  separately  the  efl'ecl 


is  the  .same  as  If  everj^  major  axis  were  bent,  and  every  point 
of  each  curve  were  correspondingly  displaced;  F  and  G'are 
elevated,  F'  and  G  depressed,  and  hence  P  and  F'  differ  in  reii- 
nul  liititude  us  well  na  longitude.  The  binocular  combination, 
however,  is  perfect,  although  double  images  due  to  difference 
in  retinnl  latitude  are  neitlier  homonymous  nor  heteronymoai 
That  coujufijale  points  differing  slightly  in  altitude  can  be  bi- 
nocularty  viewed  and  their  images  combined,  even  when  there 
is  no  horizontal  stereoscopic  displacement,  was  first  shown  bj 
Professor  W.  R.  Rogers."  This  is  one  of  .several  consideraliora 
wliit'li  slii'W  tliai  ihe  tlu'iiry  of  corresponding  points  in  hiiuKu- 
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vision  cannot  be  accepted  in  any  mathematical  sense.     In 

present  case  the  distortions  of  the  retinal  ellipses,  being 
lal  and  opposite  in  the  two  eyes,  are  perfectly  corrected  in 

binocular  combination  of  each  pair;  the  resultant  curves 

hence  perfect  ellipses. 

f  a  pair  of  small  circles  whose  vertical  diameters  are  ah  and 

be  drawn  above  the  large  circles,  the  visual  lines  directed 
iheir  centers  are  similarly  oblique  to  their  vertical  diameters 

oppositely  oblique  to  their  horizontal  diameters.  The 
ernal  projections  of  their  retinal  pictures  are  hence  slightly 
torted  ellipses,  of  which  the  upper  vertices  are  farther  apart 
I  the  lower  vertices  nearer  together  than  their  centers.  The 
ocular  combination  is  hence  an  ellipse  whose  plane  is  ob- 
le,  the  upper  vertex  being  farther,  and  the  lower  vertex 
rer  to  the  observer.  A  pair  of  small  circles  below  the  large 
's  are  binocularly  combined  with  opposite  obliquity, 
^o  explanation  is  now  needed  to  show  that  if  the  planes  of 

cards  be  revolved  into  the  positions  P"Q''  and  Y"(X" 
.  4),  the  combination  of  the  concentric  circles  must  present 
3ncave  surface  and  the  obliquity  of  the  plane  of  each  pair  of 
jugate  small  circles,  when  binocularly  viewed,  must  be  re- 
sed  in  sense. 

Jrewster's  remark  about  the  phantom  wall  that  "  it  gener- 
r  advances  slowly  to  its  new  position""  is  now  easily  under- 
^d.  When  E  and  E'  (fig.  2)  are  binocularly  viewed,  since 
)  exceeds  E'O',  there  must  be  dissociation  between  the  two 
al  adjustments  which  are  generally  adapted  to  the  same  dis- 
ce.  To  this  must  be  added  the  necessarv  dissociation  be- 
len  axial  and  focal  adjustments,  the  former  being  for  an  in- 
te  distance,  the  latter  for  the  distance  O  C,  when  C  and  C 
binocularly  viewed.  To  untrained  eyes  this  unusual  com- 
ation  of  muscular  actions  is  at  first  a  little  confusing,  and 
a  few  seconds  it  is  often  difficult  to  decide  whether  the  sur- 
3  appears  convex  or  concave.     Despite  this  inconvenience,  if 

experiment  be  performed  with  axial  parallelism,  the  image 
n  becomes  clearly  defined.  With  strong  axi.il  convergence, 
n  Brewster's  method,  the  dissociation  is  far  more  difficult  on 
ount  of  the  extreme  muscular  strain  that  is  necessary. 
Jy  holding  the  cards,  fig.  4,  with  their  planes  coincident 
I  then  drawing  them  apart  in  this  plane,  so  that  6°  or  7°  of 
ergence  of  visual  lines  is  necessitated  in  retaining  retinal 
ion,  the  image  changes  very  perceptibly  from  that  of  a  flat 
te  to  that  of  a  shallow  concavity.  By  cross  vision  the  oppo- 
1  is  obtained;  but  not  so  strikingly,  for  the  muscular  strain 
r°  of  divergence  I  find  to  be  as  great  as  that  of  60°  or  70°  of 
ivergence. 
A  vertical  lines,  an^  a'n\  fig.  5,  be   combined  binocularly 
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they  appear  as  a  tangent  to  the  curved  surface,  and  this  pierces 
the  planes  of  the  small  ellipses,  passing  through  each  at  its  cen- 
ter. Any  inaccuracy  in  either  drawing  interferes  with  these 
results  and  is  at  once  manifested  in  the  binocular  picture. 

40  W.  40tli  St.,  New  York,  Feb.  25,  1882. 
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Art.  XXXIL — On  a  great  dyke  of  FoyaiU  or  ElcBolite-syeniU, 
cutting  (he  Hudson  River  Shales  in  NorUiwesiern  New  Jersey; 
by  Ben.  K.  Emerson. 

In  the  Geology  of  New  Jersey  by  Professor  G.  H.  Cook, 
1868,  p.  144,  an  extensive  dyke,  *'on  the  eastern  slope  of  the 
Blue  Mountain,"  is  described  as  follows  from  the  manuscript 
notes  of  Mr.  E.  Hauesser,  assistant  on  the  earlier  geological  sur- 
vey under  Dr.  Kitchell :   "On  the  slope  of  the  Blue  Mountain 
between  Beemersville  and  Liberty  ville,  a  dyke  of  porphyritic 
hypersthene  rock  has  been  intruded  between  the  slate  and  con- 
giomeratc.     It  runs  from  a  point  one  and  a  half  miles  north- 
west of  Libertyville,  without  interruption,  to  its  termination, 
which  is  one  and  one-fifth  miles  northwest  of  Beemersville.    It 
is  about  a  quarter  of  a  mile  wide,  and  is  a  little  tortuous  in  its 
course,   but   its  general   bearing   is    northeast  and   southwest 
The  rock  of  the  northeastern  part  consists  usually  of  a  coarselj 
granular  aggregate  of  labradorite  and  hypersthene,  associated 
occasionally   with   hornblende,   mica,  sphene,  tourmaline  and 
quartz.     The  labradorite  occurs  in  imperfect  crystals,  and  in 
clistinctly  cleavable  masses ;  it  is  of  a  gray  color  and  a  pearly 
luster.     The  hypersthene  is  of  a  greenish   black  color,  of  a 
bri^rht  metallic  luster:  it  occurs  in  small  and  slender  crystals 
more  or  less  perfect. 

*'At  the  southwestern  extremity  the  dyke  presents  a  pecaliar 
and  striking  appearance.  It  does  not  occupy  a  long  and  high 
hill,  with  nearly  perpendicular  slopes,  like  the  northeastern 
part,  but,  owing  to  a  powerful  and  rapid  disintegration,  it 
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crumbled  into  loose  pieces  and  into  a  fine  sand,  which  form  a 
range  of  low  hills  with  genile  slopes,  and  which,  seen  from  a 
distance,  look  exactly  like  hills  of  sand  or  drift 

*'The  dyke  here  consists  of  a  rather  coarsely  granular  aggre- 
gate of  labradorite,  sphene,  mica,  quartz,  pyroxene  and  iron 
pyrites.  The  sphene  is  of  a  brown  to  yellowish  brown  color, 
yi  an  adamantine  luster,  and  occurs  in  small,  more  or  less  per- 
'eel,  crystals,  in  such  quantity  as  to  form  one  of  the  principal 
ronstituents  of  the  rock. 

'*  The  iron  pyrites  is  profusely  disseminated  throughout  the 
•ock,  and  causes  the  rapid  decomposition. 

*'  There  is  usually  a  marked  difference  between  the  middle  of 
ihe  dyke  and  the  margins,  the  material  being  distinctly  crys- 
:allinf  at  the  middle  while  it  is  compact  at  the  surface.  The 
iyke  is  traversed  by  joints  and  by  some  small  veins,  and  it 
ilso  sends  out  veins  into  the  contiguous  rocks. 

'*  The  slate  has  been  altered  for  a  distance  of  three  thousand 
feet  from  the  southeastern  border  of  the  dyke. 

*'  Very  near  the  dyke  the  rock  is  so  much  changed  that  the 
stratification  cannot  be  determined,  but  farther  off,  though  the 
rock  is  much  changed,  the  marks  of  stratification  are  still 
plain,  and  the  rock  has  the  usual  northwesterly  dip." 

Being  fresh  from  a  study  of  the  wonderful  *' Cortland  series,'* 
under  the  kind  guidance  of  Professor  Dana,  my  attention  was 
immediately  attracted  by  the  description  above  of  a  great  dyke 
of   hypersthenic  rock  which   crumbled   readily  into   hills  of 
coarse  sand,  and  had  exerted  such  powerful  metamorphic  in- 
fluence upon  the  soft  Hudson  River  rocks,  and  I  visited  the 
locality  in  the  hope  that  it  might  throw  some  light  upon  the 
complexities  of  the  Cortland  region.     Leaving  the  railroad  at 
Deckertown  just  above  Franklin   Furnace,   the  drive  of  six 
miles  was  over  a  hilly  country  of  soft  crumbling  shales.     More 
than  half  a  mile  from  the  dyke  its  influence  was  manifest,  the 
shales  having  changed  into  a  dark  gray  compact  mass,  break- 
ing into  wedge-shaped  pieces  bounded  on  all  sides  by  slickeu- 
sides.     Nearer  at  hand  the  shales  are  baked  into  a  complete 
.hornstone  of  a  black  color,  breaking  with  the  perfect  conchoidal 
fracture  of  flint,  and  cut  into  small  fragments  by  numerous 
joints.     Where  the  road  over  the  mountain  leaves  the  road 
which  skirts  the  mountain  on  the  east,  at  the  house  of  ^r.  D. 
B.  Roloson,  this  is  seen  in  great  perfection  on  the  hillside,  and 
in  the  orchard  above  this  gentleman's  house,  a  band  of  lime- 
stone occurs — a  dark  gray  fine  grained  rock,  which  might  be 
easily  mistaken  for  a  finegrained  diorite.     It  has,  however,  the 
rastv  corroded  surface  of  a  siliceous  limestone.     Scales  of  bio- 
tite  are  disseminated  in  it  in  considerable  abundance,  and  the 
rock  is  so  rich  in  magnetite  that  the  coarse  powder  is  readily 
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taken  up  by  the  magnet.     Microscopically  the  rock  is  a  crys- 
talline-granular aggregate  of  calcite  and  magnetite. 

A  few  rods  farther  south,  and  just  behind  the  house  in  the 
orchard,  occurs  a  large  mass,  apparently  a  bowlder,  of  a  tine- 
grained  brown-black  eruptive  rock,  which  is  so  filled  with 
small  angular  fragments  of  the  same  siliceous  limestone,  that 
these  latter  make  more  than  half  its  mass.  They  are  gray, 
compact  and  horn}^  and  contain  in  abundance  minute  cubes  of 
pyrite  arranged  with  some  regularity  parallel  to  the  surface  of 
the  broken  fragments.  There  also  occur  in  the  mass  of  the  trap 
small  fragments  of  quartz  manifestly  enclosures,  and  small 
aggregations  of  white  grains  of  (*,alcite  so  mixed  in  with  scales 
of  biotite  that  they  seem  to  be  the  result  of  fusion  and  crystal- 
lization in  the  mass,  rather  than  of  subsequent  decomposition. 
Examined  under  the  microscope,  the  trap  was  found  to  be  thor- 
oughly impregnated  with  calcite,  and,  when  treated  with  acid, 
effervescence  appeared  in  every  part.  Besides  the  large  scales  of 
mica  visible  to  the  eve,  more  minute  scales  of  the  same  red 
mica  and  grains  of  magnetite  were  scattered  throughout  the 
slide  in  a  colorless  ground,  interrupted  here  and  there  by  quite 
large  square  and  hexagonal  sections  of  nephcline,  which  gela- 
tinized slowly  under  the  microscope  after  the  effervescence  of 
the  calcite  had  ceased.  Rarely  a  broad  rounded  mass  of  fibrous 
green  hornblende,  decomj>oscd  nearly  to  the  center,  appeared. 
I  was  not  able  to  discover  the  exact  relation  of  this  rock  to  the 
main  dyke,  but  it  was  probably  an  offshoot  therefrom,  as  it 
occurs  only  a  few  rods  from  the  latter  in  the  midst  of  the  region 
of  most  active  metamorphism. 

Going  north  about  a  mile  from  the  bouse  of  Mr.  Roloson 
along  the  road  skirting  the  mountain  on  the  east  to  a  point 
where  the  woods  are  cleared  away  and  a  single  great  oak 
stands  by  the  roadside,  one  ascends  the  fii"st  slope  of  the  ridge 
which  rises  about  eighty  feet  like  a  terrace  scarp,  and  comes 
out  upon  a  broad  level  made  up  of  tlie  metamorphosed  slates 
from  which  the  great  dyke  rises  at  the  west  to  form  the  crest 
of  the  mountain,  and  stretches  away  several  miles  to  north 
and  south.  Toward  the  front  of  this  terrace-like  plain,  and 
about  thirty  rods  from  the  nearest  outcrop  of  the  dyke,  a  layer 
of  the  shale  is  altered  to  a  tough  gray  rock  broken  by  numer- 
ous fissures  which  has  much  the  appearance  of  a  claystone 
ix)rphyry.  In  a  ground  maSvS.  quite  felsitic  in  appearance,  are 
imbedded  opaque  white  Carlsbad  twins  of  orthoclase,  sharply 
defined  and  six  to  eight  millimeters  in  length,  small  rhombs  of 
calcite  and  cubes  of  pyrite  now  changed  mostly  to  limonite,  and 
in  a  single  instance  a  quite  large  crystal  of  dark  green  chlorite. 
The  ground  mass  is  resolved  under  the  microscope  into  an  aggre- 
gate of  extremely  fine  scales  of  muscovite  of  irregular  outline. 
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While  the  calcites  are  limpid,  the  orthoclase  crystals,  opaque 
white  by  reflected  light,  are  of  deep  reddish  brown  by  trans- 
mitted light,  and  this  color,  which  is  caused  by  the  abundance 
of  a  very  fine  red  dust,  is  spread  uniformly  over  every  portion 
of  every  crystal,  except  in  one  slide  where  they  are  quite  fresh, 
and  enclose  in  considerable  number  small  perfect  spheres  of  a 
deep  brown  to  black  color,  which  seem  to  be  some  hydrocarbon 
compound  which  has  been  included  in  the  forming  crystal  in  a 
liquid  state.  This  black  carbonaceous  matter  is  scattered  here 
and  there  through  the  mass,  and  it  is  sometimes  aggregated  in 
the  midst  of  a  brownish  substance  in  such  a  manner  as  to  sug- 
gest an  incipient  stage  in  the  formation  of  chiastolite  crystals. 
All  the  rest  of  the  micaceous  ground-mass  is  mottled  by  a 
great  number  of  very  minute,  stout,  rod-like  forms,  four  to  six 
times  longer  than  broad,  and  quite  uniform  in  size  and  distri- 
bution, though  not  always  regular  in  shape,  being  often 
rounded,  pointed,  or  ravelled  out  at  one  or  both  ends.  They 
are  nearly  opaque  but  resolvable  (X800)  in  the  thinnest  places 
into  a  congeries  of  red  scales.  The  specimen  contains  a  single 
large  crystal  of  a  dark  green  chlorite,  visible  to  the  eye,  and 
these  minute  forms  may  have  resulted  from  the  decomposition 
of  a  similar  mineral,  but  it  seems  to  be  rather  an  early  stage  in 
the  growth  of  some  ferruginous  mineral  like  ottrelite. 

On  crossing  the  higij  terrace-like  buttress  of  thoroughly  met- 
amorphosed rocks,  here,  perhaps  forty  rods  wide,  one  comes 
upon  the  sharp  slope  of  the  great  ridge  formed  by  the  dyke 
itself.     The  contact  of  the  dyke  and  the  enclosing  rock  was 
nowhere  to  be  seen.     Where  it  was  first  met  with  in  place,  a 
little  way  up  the  slope,  the  foyaite  bears  no  resemblance  to 
the   compact   trap-like   rock   from    near   Roloson's,   described 
above.     It  is  completely  granitic  in  texture,  of  medium  grain, 
and  of  a  grayish  flesh  color,  deriving  this  color  mainly  from 
the  elsBolite  which  is  its  principal  constituent.     The  latter  is  so 
abundant  that  a  small  piece  of  the  rock   treated  with   hydro- 
chloric acid  changed  into  a  thick  jelly,  in  which  only  a  smaM 
quantity  of  black  aegirite  remained   undissolved.     The  hand 
specimens  which  I  got  from  this  portion  of  ihe  dyke  contain 
certainly  90  per  cent  of  elseolite.     The  mineral  possesses  the 
usual  greasy  luster,  is  granular  massive,  yet  shows  under  the 
lens  everywhere  incomplete  crystalline  outlines. 

The  component  next  in  importance  is  aigirite,  which  appears 
in  black  elongated  crystals  up  to  3™™  in  length,  upon  which  I 
TRras  able  to  measure  the  angle  of  the  prism  92°  47'.  The  min- 
eral fuses  with  somewhat  greater  difliculty  than  the  Norwegian 
»giriie,  and  tinges  the  flame  yellow.  The  surface  of  many  of 
the  crystals  is  brightly  iridescent,  as  is  sometimes  the  case 
with  the  arfvedsonite  from  Kangerdluarsuk,  and  the  crystals 
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can  be  seen  toward  the  surface  of  the  rock  to  be  changed  for  a 
part  or  the  whole  of  their  length  into  a  greenish  black,  fibrous, 
hornblendic  mineral  apparently  arfvedsonite. 

The  third  constituent,  orthoclase,  occurs  in  elongated  Carls- 
bad twins  up  to  30""  in  length  ;  in  a  single  instance  three  crys- 
tals are  twinned  together.  They  are  of  brilliant  luster,  and  of 
the  same  iiesh  color  as  the  elaeolite  in  the  fresh  rock,  while 
toward  the  surface  they  are  whitened,  and  there  closely  resem- 
ble the  feldspar  of  the  Brevig  zircon- syenite.  They  are  scat- 
tered in  the  rock  somewhat  distantly,  so  that  in  three  sections 
no  feldspar  appeared.  The  crystals  enclose  rounded  masses  of 
elteolite  as  well  as  crystals  of  a^girite,  often  so  thickly  crowded 
as  to  give  the  feldspar  a  pegmatitic  appearance. 

Titanite  occurs  in  minute  crystals  quite  abundantly.  The 
maximum  length  is  about  1"".  It  is  of  bright  reddish  yellow 
color,  transparent,  and  of  adamantine  luster,  and  is  always  well 
crystallized  in  both  complex  and  simple  forms,  with  the  faces 
often  brightly  iridescent.  No  trace  of  triclinic  feldspar  or  of 
hyperstbene  could  be  found. 

High  up  along  the  crest  of  the  ridge,  perhaps  fifty  rods  west 
of  the  point  where  the  specimens  were  obtained  which  fur- 
nished tne  material  for  the  above  description  and  for  micro- 
scopical study,  the  rock  is  much  coarser  grained,  more  loosely 
granular  and  decomposed,  falling  readily  to  a  mass  of  coarse 
grains  under  the  hammer. 

The  proportion  of  eheolite  is  here  much  less,  and  the  only 
additional  mineral  found  in  this  coarser  variety  was  a  glossy 
black  mica,  which  gives  all  the  blowpipe  reactions  of  astro- 
pliyllite,  but  it  may  be  a  biotite  containing  much  manganese. 

Under  the  microscope  by  far  the  greater  portion  of  the  section 
is  elu3olite,  with  scattered  crystals  of  a^girite  and  titanite.  The 
elaeolite  presents  itself  in  three  forms,  quite  distinctly  demarked: 
(a)  as  distinct  crystals,  stout  hexagonal  prisms  with  end  faces,  of 
much  the  same  appearance  and  properties  as  in  the  more  mo<l- 
ern  nepheline  rocks.  These  crystals  are  rare.  The  cleavage 
is  mt^re  perfect  and  delicate  than  in  the  remainder  of  the  elteo- 
lite  in  which  they  are  embedded,  and  as  a  result  they  are  only 
slightly  decomposed.  They  are  quite  free  from  enclosures. 
The  second  form  (6)  ap|)ears  in  somewhat  larger,  aggregated, 
and  more  imperfect  crystals,  in  which  the  basal,  prismatic 
and  pyramidal  cleavages  are  ruder  and  more  open,  and  the  crys- 
tals much  more  (lecc)m])osod.  Flakes  of  a  green  hornblendic 
mineral,  probably  arfvedsonite.  appear  as  enclosures  parallel 
to  the  three  clea varies.  Finally  it  occurs  (c)  filling  up  the 
interstices  of  the  other  two  forms  like  the  (junrtz  of  a  granite, 
and  swarming  with  minute  acicular  microlites,  especially  in  the 
recesses  made  by  neighboring  crystals  of  earlier  fonnatioii 
This  portion  has  a  less  distinct  cleavage  and  is  less  decomposed. 
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The  freshest  aegirite  shows  six-sided  cross-sections  (7,  z-i,) 
3markab]y  regular  both  in  form  and  cleavage,  the  latter  being 
1  straight  equidistant  lines  carried  generally  clear  across  the 
rystal,  and  thus  diftering  widely  from  that  of  augite.  It  is 
ed  brown  with  much  depth  of  color  in  cross-sections,  blackish 
rown  in  longitudinal  plates,  free  from  enclosures,  and  without 
race  of  fibrous  structure.  Both  in  lengthwise  and  cross 
^tions  it  absorbs  the  light  with  a  single  Nicol's  so  strongly 
aai  at  the  point  of  extinction  it  becomes  jet  black.  The  pleo- 
hroism  is  also  very  marked,  ranging  from  charcoal  brown  to 
eep  emerald  green.  In  other  crystals,  starting  from  one  end, 
le  color  in  ordinary  light  changes  gradually  from  dark  brown 
ito  a  bright  green,  and  corresponding  with  this  change  of 
olor  the  mineral  becomes  quite  suddenly  fibrous,  and  filled 
rith  minute  grains  of  magnetite,  which  are  wanting  in  the 
nchanged  portion.  The  changed  portion  has  all  the  micro- 
copic  peculiarities  of  a  fibrous  hornblende.  In  longitudinal 
ections  of  the  aegirite  a  cleavage  parallel  to  0  appears,  and  in 
ne  instance  occurred  a  well  terminated  arrow-headed  twin — 
winning  plane  i-i.  Its  crystals  often  radiate  from  or  enclose  a 
rystal  of  titanite. 

The  titamte  appears  in  wine-yellow,  limpid,  much  fissured, 
ross-sections,  distinctly  pleochroic,  rough  of  surface,  never 
inking  to  the  smallest  dimensions,  or  containing  any  enclo- 
ures.  Besides  aegirite  the  microlites  often  radiate  from  it. 
Jeautifully  distinct  twins  occur  with  the  twinning  plane  0,  and 
rith  crossed  Nicols  the  light  is  extinguished  at  33°  on  either 
ide  of  this  plane. 

Sodalite  occurs  rarely  in  wholly  apolar  patches  irregularly 
K)unded  by  the  other  constituents,  and  showing  rude  dodeca- 
ledral  cleavage. 

The  order  of  crystallization  of  these  minerals  is  interesting. 
The  titanite  is  plainly  the  first  formed,  and  had  reached  its 
irait  before  the  appearance  of  the  other  constituents,  except 
perhaps  the  first  form  (a)  of  the  elaeolite.  These  are  almost 
without  enclosures  of  any  kind.  Next  the  second  portion  of 
the  elaeolite  {h)  crystallized  out,  and  during  the  time  of  its 
formation  the  hornblendic  mineral,  which  is  included  in  it  in 
scales,  as  well  as  the  aegirite  which  radiated  from  the  earlier 
formed  titanite,  appeared.  This  green  hornblendic  mineral  as  it 
is  synchronous  with  the  tegirite  and  as  it  is  found  in  the  most 
decomposed  portion  of  the  eheolite,  I  take  to  be  arfvedsonite 
paramorph  after  the  ^.girite. 

Toward  the  close  of  this  period  the  orthoclase,  which  encloses 
the  imperfect  crystals  of  the  eheolite  and  the  aegirite,  separated 
out,  and  all  these  minerals  share  the  same  freedom  from  micro- 
Jites,  a  great  swarm  of  which  is  included  in  the  third  form  of 
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the  elroolite  (c)  which  has  taken  its  shape  entirely  from  the 
preceding  minerals  and  which  thus  closed  the  series. 

Out  on  the  plateau  of  inetamorphic  rock  I  picked  up  a  curi- 
ous mass  not  in  place,  which  showed  a  contact  of  foyaite  on 
foyaite  of  different  age.  The  older  was  coarser  grained  than  I 
found  it  elsewhere  and  richer  in  orthoclase,  being  largely  made 
up  of  crystals  25-80"™  long,  distributed  porphyritically  in  a 
fine-grained  rusty  ground  containing  pyrite.  The  newer  roct 
resting  on  this,  has  a  rudely  columnar  structure  at  right  angles 
to  the  plane  of  contact,  resembling  somewhat  the  gypsum  crusts 
from  salt  vats. 

The  columns  of  which  this  layer  consists  are  elongate  imper- 
fect crystals  of  orthoclase  and  elaeolite  and  bundles  sligntly 
radiated  of  a  greenish  black  hornblendic  mineral.  Small  tufts 
and  spheres  of  the  latter  are  also  scattered  through  the  mass, 
together  with  some  dark  purple  fluor  and  much  pyrite, 

(Uider  the  microscope  distinct  crystals  of  elaeolite  appeared 
and  the  hornblende  needles  were  contracted,  like  the  handle 
of  a  dumb-bell  as  they  passed  through  such  a  crystal,  showing 
that  the  hornblende  had  here  commenced  its  crystallization 
first  and  that  the  two  minerals  had  thereafter  increased  to- 
gether. 

The  hornblende  crystals  are  now  in  an  advanced  stage  of 
decomposition,  being  resolvable  into  an  aggregate  of  short 
interrupte<l  fibers  and  so  im])regnated  with  scales  of  "ferrite  ' 
as  to  be  often  quite  opaque,  and  the  same  material  has  also 
often  gathered  on  the  needles  in  large  masses  like  the  warts  on 
a  plum  twig.  Only  rarely  in  unchanged  non-fibrous  portions 
of  green  color  could  the  angle  of  extinction  of  hornblende  be 
measured.  The  feldspar  was  orthoclase  with  no  indication  of 
the  presence  of  microcline. 

Tnc  aphanitio  and  the  granitic  varieties  of  the  rock  described 
above  are  connecteii  bv  intermediate  grades  of  fine  grain  in 
which  occur  segregations  in  size  and  shape  like  a  hen's  egg, 
comiK)scd  of  coarse  granular  orthoclase,  jegirite,  pyrite  and 
fluor. 

Deci">mposition  has  everywhere  affected  the  superficial  por- 
tioiis  o^l  the  dyke,  and  at  the  summit  where  the  rock  is  coarsest, 
exteiided  quite  deeply,  but  without  the  formation  of  any  zeolitic 
minerals. 

Aluhorst  l%»lloir\>.  Massjiolnisotts.  Aj^ril.  1>S2. 
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LRT.  XXXIII. — Notice  of  the  remarkable  Marine  Fauna  occupying 
the  outer  banks  off  the  Southern  Coast  of  New  England^  No.  5  ; 
by  A.  E.  Verrill.  (Brief  Contributions  to  Zoology  from 
the  Museum  of  Yale  College :  No.  LI.) 

Anthozoa  (continued,) 
Fennatidacea. 

Previous  to  1871  no  representative  of  the  Pennatulacea 
ad  been  discovered  on  the  American  coast  between  Cape 
[atteras  and  the  Arctic  Ocean.     In  that  year,  and  also  in  1872, 

number  of  specimens  of  Permaiula  aculeata  and  of  a  small 
^irgularia  were  dredged  by  Mr.  J.  F.  Whiteaves  in  the  deeper 
arts  of  the  Gulf  of  St.  Lawrence.  In  1872  these  were  also 
redged  by  Dr.  A.  S.  Packard  and  Mr.  C.  Cooke,  on  the  '*Bache,'' 
ri  the  Gulf  of.Maine  (see  this  Journ.,  v,  pp.  5, 100, 1873).  Sub- 
equently  the  former  species  has  been  obtained  in  many  locali- 
ies,  and  in  large  numbers,  off  the  coasts  of  New  England  and 
lova  Scotia. 

Since  the  summer  of  1878,  when  the  Gloucester  fishermen 
►ecanie  interested  in  bringing  home,  for  the  use  of  the  U.  S. 
'^ish  Commission,  the  various  objects  taken  on  their  deep-sea 
ines,  they  have  not  only  presented  large  numbers  of  this  spe- 
ies,  from  many  localities,  but  they  have  contributed  several 
thers  that  are  of  still  greater  interest,  including  more  than  a 
lundred  fine  specimens  of  the  very  large  Pennatula  borealis, 
iiany  of  them  nearly  two  feet  long,  with  about  as  many  of 
%Xlicina  Finmarchica  and  Virgularia  (Anthoptilura)  grandifUxi^a 
'^ ..  together  with  a  few  specimens  of  Funiculina  armata  V.  and 
I  Flalipteris.  All  these  interesting  additions  to  our  fauna  have 
ilready  been  recorded  by  me,  in  1878  and  1879,  in  this  Journal, 
in  former  articles  of  this  series.  All  these  species  have  also 
been  dredged  by  our  parties  on  the  '*  Fish  Hawk." 

Nevertheless,  in  the  recent  work  of  Professor  Kcilliker  on 
the  Pennatulacea  of  the  Challenger  ex|)edition,*  in  discussing 
the  distribution  of  the  group,  he  states  that  no  Pennatulida) 
are  known  on  the  Atlantic  coast  of  America.  This  was  the 
case  eleven  years  ago,  but  the  reverse  has  been  true  since  that 
time.  I  have,  at  the  present  time,  more  than  a  thousand 
examples  of  our  two  species  of  Pennatula  in  my  possession. 

All  the  species  will  be  fully  described  and  figured,  and  the 
letails  of  their  distribution  will  be  given,  in  a  report  on  our 
inthozoa,  soon  to  be  published  in  the  report  of  the  U.  S.  Fish 
Commission. 
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The  Zoology  of  the  Voyage  of  H.  M.  S.  Challenger,  vol.  i,  Part  ii,  Report  on 
Pennatnlida,  by  Professor  Albert  V.  Kolliker,  1880. 
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Pennatula  aculeata  Danielsseii  an<l  Koren. 

P^nnaUUa  actUeata  Danielssen,  Forhandl.  Vidensk.-Selsk.  Christiania,  1K58.  p.  25; 

Fauna  LittoraliH  Norvegiaj,  iii,  p.  86,  pi.  11,  figH.  8-Ji.  1877. 
Verrill,  this  Journal,  v.  pp.  5,  100,  187a. 
Pennatula  phoaphorea,  var.  aculeata  Sars;   Kollikcr.   .Mcvonarion,   i,   Pennatnli. 

den,  p.  134,  pi.  !>,  fig.  7.%  1870. 

This  species  is  very  abundant  and  widely  distributed  on  our 
coasts,  in  100  to  487  fathoms,  on  soft  muddy  bottoms.  Gulf  of 
St.  Lawrence,  160-200  fathoms,— Whiteaves,  1871-3;  Gulf  of 
Maine, — U.S.  Fish  Commission,  on  the  **Bache,"  1872-3;  Grainl 
Bank,  St.  Peter's  Bank,  Banquereau,  Western  Bank  and  other 
banks  off*  Nova  Scotia,  in  60  to  300  fathoms, — Gloucester  fish- 
ermen (in  29  lots,  including  about  90  specimens) ;  off  Cape 
Sable,  N.  S.,  88  fathoms, — U.  S.  Fish  Commission  ;  off  Martha's 
Vineyard  and  Block  Island,  and  off  Chesapeake  and  Delaware 
Bays,  1880,  1881,  in  100-487  fathoms,— U.  S.  Fish  Commis- 
sion. Several  hundreds  of  specimens  were  taken  at  eacli  of  the 
stations  943,  945,  1025.  Also  taken  bv  Mr.  A.  Agassiz,  on 
the  "  Blake,"  1880,  in  197  to  524  fathoms.  Chistiansund,  30- 
100  fathoms, — Sars  and  Danielssen.  Eastern  Atlantic,  300 
fathoms, — Carpenter  and  Thomson. 

Variety,  rosea  Danielssen,  op.  cit.,  p.  88. 

Several  fine  specimens  of  this  handsome  varietN*  occurred 
among  a  large  number  of  the  usujxl  dark  red  variety,  at  stations 
943,  945,  1028.     It  differs  only  in  color. 

Variety,  albu  Verrill. 

This  name  is  used  to  designate  a  pure  white  variety,  which 
was  tjiken  at  station  1025,  in  216  fathoms. 

Pennatula  (IHUella)  borealis  Sal's,  sp. 

Pennatula  grandis  Khrenborg,  Corall.  rothen  Moer»"s.  p.  (»6,  1832.  {nou  Pallas). 

Kolliker,  Zool.  Voy.  Challenger,  i,  pt.  ii,  p.  4,  1881. 
Pennatula  i)orealis  Snr.**,  Fauna  Lit.  Norvegia*,  i,  p.  17.  pi.  *i,  tigs.  1-4.  IH5H. 

Kollikor,  Peunatuliden,  i,  p.  13G. 

Verrill,  this  Journal,  ivi,  p.  .376,  1878. 
Ptilella  horealw  Gray.  Catalogue  of  Sea  Pens,  p.  21. 

Verrill.  this  Journal,  xvii,  p.  241,  1879. 
nilella  grandui  Koren  and   Danielssen.  Fauna  Lit.  Xoivegisv,  p.  82,  pi.  11.  lip. 

1-7.  1877. 

One  young  specimen  of  tliis  maginliceur  species  was  dredgtd 
by  us  at  station  925,  in  224  rnthoins.  From  the  Gloucester 
fishermen  over  120  specimens,  mostly  of  large  size,  iiave  l)eeii 
received  by  the  U.  S.  Fish  C-onimission,  all  o\  which  have  bi^en 
examined  bv  me.  These  were  n^ceived  in  83  lots,  from  V61') 
to  18^^1.  They  were  taken  in  120  to  350  fathoms,  on  the  outer 
slo|H\s  -of  the  Grand  Bank,  St.  Peter's  Bank,  Western  Bank, 
Bancjuereau,  Sable  Island  Bank,  Le  Have  Bank  and  George's 
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k.  Previously  it  was  known  from  only  a  few  Norwegian 
imens,  from  Chistiansund,  Bergensfjord,  Lofoten,  Banen- 
i,  etc.,  in  150  to  200  fathoms. 

tichia  luinnarchica  (Sars)  (Tray. 

rytUaria  Jimnarchica  M.  iSars,  Fauna  Lit.  Norvegia;,  ii,  p.  68,  pi.  11. 

Uicina  finmardiica  Gray,  Catalogue  of  Sea  Pens,  p.  13. 

Vernll,  this  Journal,  xvi,  p.  375,  1878. 

}/lahUa  Jimnarchica   Ricbiardi,  Monografia  della  Fani.   Pennatularii,   p.   69, 

1869. 

vonaria  Jinmarchica    KoUiker,  Pennatuliden,  p.  243,    1871   {mm  Pavonaria 

Cuvier). 

everal  specimens  were  trawled  bv  us,  off  Martha's  Vineyard, 
160  to  238  fathoms,  in  1880  and  1881.  The  Gloucester 
ermen  have  presented  many  large  and  fine  specimens 
•re  than  75),  some  of  them  over  two  feet  long.  These 
le  in  57  lots,  from  the  outer  slopes  of  the  Grand  Bank  and 
the  banks  off  the  Nova  Scotia  coast,  in  60  to  400  fathoms. 
George's  Bank,  980  fathoms, — A.  Agassiz,  1880.  It  was 
viously  known  off  Finmark,  240  fathoms ;  Bergenfjord,  300 
loms. 

While  a  majority  of  these  specimens  are  large  and  perfect, 
ne  examples  of  this,  and  other  related  species,  have  more  or 
3  of  the  distal  portion  of  the  axis  bare,  and  sometimes  bare 
partially  bare  portions  of  the  axis  are  seen  along  the  middle 
jion :  not  rarely,  as  much  as  one-half  of  the  whole  length  is 
re.  This,  I  am  convinced,  is  entirely  due  to  accidental 
uries  received  while  still  living  *  In  most  cases  the  bare 
rtions  of  the  axis,  whether  terminal  or  median,  have  one  or 
o,  and  often  several,  actmians  firmly  attached  to  them.  The 
)st  common  of  these  is  a  verrucose  Urticina  (probably  the 
nng  of  U.  lo7igtcornis  V.),  which  closely  clasps  the  axis  with 
basal  membrane,  the  edges  of  which  unite  firmly  together 
a  suture,  where  they  meet,  thus  surrounding  the  axis  like  a 
?ath.  But  other  species  of  aciinians  also  occur  upon  them, 
the  same  way,  and  also  hydroids,  bryozoa,  sponges,  etc. 
The  verv  young  specimens  of  this  species  have  the  polyps 
lated,  thus  forming  two  simple  alternate  rows,  along  the 
^his.  These  agree  essentially  with  the  genus  Microptilum 
illiker  (Challenger  Voyage,  Pennatulida,  page  26).  Indeed, 
im  convinced,  after  examining  the  young  of  several  genera 
Vircrularida?,  that  the  several  genera  proposed  by  Kolliker 
•  the  small  forms,  with  polyps  in  two  simple  rows,  and  for 
lich  he  has  proposed  the  families  Protocaulidse  and  Protopti- 

Koren  and  Danielssen  mention  the  same  peculiarity  an  occurring  in  all  their 
oiniens  of  VirguUiria  affinis  and  other  Kuropean  species.  But  they  seem  to 
ik  that  this  is  a  normal  feature.  Tliey  correctly  object  to  the  view  that  it  is 
I  to  contraction  in  alcohol.     (Fauna  Lit.  Norvegia^,  iil  p.  91). 
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lidae  (op.  cit,  p.  26),  are  mostly,  if  not  all,  the  young  of  larger 
and  more  complex  forms.* 

Anthoptilnni  grandifloittm  Verrill. 

Virgularia  grandijiora  Verrill,  tliis  Journal,  xvii,  p.  239,  March,  1879. 
Anthoptilwn  Thovisoni  Kolliker.  Zool.  Vov.  Challenger,  Pennamlida.  p.  13,  pi, 
5,  figs.  16-18,  1881. 


The  new  genus,  Anthoptiium^  has  been  constituted,  for 
species  allied  to  this,  by  Professor  Kolliker,  (Voyage  of  the 
Challenger,  Pennatulida,  p.  13,  1881).  He  described,  from  a 
single  specimen,  a  species  {A.  Murrayi,  pi.  6,  figs.  19-21)  taken 
oflF  Halifax,  in  1250  fathoms,  which  is  smaller  and  more  slender 
than  my  species,  with  fewer  polyps  and  larger  zooids,  but  it 
may  possibly  prove  to  be  the  young  form.  From  ofiF  Buenos 
Ayres,  in  600  fathoms,  he  described  .4.  Thamsoni^  which  is  a 
large  species,  apparently  identical,  in  all  respects,  with  my 
species,  from  off  Nova  Scotia  and  New  England. 

We  trawled  this  species,  off  Martha's  Vineyard,  in  802  to 
310  fathoms.  Its  color,  in  life,  is  usually  deep  salmon-brown, 
but  varies  to  pale  salmon,  and  even  to  yellowish  white.  The 
Gloucester  fishermen  have  presented  about  forty  specimens,  in 
twenty  lots.  These  are  from  near  the  Grand  Bank,  St  Peters 
Bank,  Western  Bank,  Banquereau,  Sable  I.  Bank,  and  Le 
Have  Bank,  in  >^:)  to  300  fathoms.  Ofi'  C.  Fear,  S.  C.  647 
fathoms, — A.  Agassi z. 

Fnnieulina  armata  Verrill. 
Tliis  Journal,  vol.  xvii,  p.  240,  March,  1879. 

Two  excellent  specimens  of  this  fine  species  were  taken  at 
Stations  880  and  881,  in  252  and  325  fathoms.  These  were 
larger  and  more  developed  than  the  original  specimen,  which 
was  taken  off  Sable  I.,  N.  S.,  in  800  to  400  fathoms.  ' 

In  our  largest  examples  the  polyps  are  arranged  in  oblique 
rows  of  two  to  four,  and  the  zooids,  which  are  comparatively     , 
large,  are  scattered  along  the  median  ventral  surface,  and  be- 
tween the  transverse  rows  of  polyps.      The  uolyps  are  dee|> 
purple  :  the  zooids  are  pale  yellowish,  with  stripes  of  purple. 

♦  The   jrenus   Protoptilum   K6U.,  I   regard  an  tjie  young  of  Virgularia.     Hi;"      . 
I\  aberram  and  two  otlior  similar  forms,  taken  off  New  York,  in   1240  to  1700      I 
fathoms,   are  apparently  the  same  as  some  tliat  we  have  dredged   in  shallower      i 
water,  but  among  our  Kpecimens,  some  of  the  larger  ones  have  the  polyps  in  (lis       I 
tinct  groups  of  two  or  three ;  tliese  are  evidently  tlie  young  of  a  Virgularia,    We      j 
may,  for  the  present,  designate  this  form  as  V.  ah<n'rniis,  but  it  may  be  identical 
with  some  previously  known  form.     The  genus  Trichoptilum  Kolliker  (op,  cit,  p. 
29),  I  consider  the  young  of  FuniatUna.     The  only  sj)ecie8,  T.  hruunfmtn,  from  off 
Ceram,  verj^  closely  resembles  the  young  of  my  F.  urmaui,  and  I  should,  therefore, 
prefer  to  name  it  Funimlimt  hi^muea.     Pmloravlou  \\\i\}\  likewise,  prove  to  be  the 
young  of  Anthoptilum. 
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Madbeporabia. 
helium  Goodei  Verrill. 

lis  Journal,  xvi,  p.  377,  1878. 

.^his  species  is  very  closely  allied  to  F,  alabastrum  Moseley,* 
en  by  the  Challenger,  oflfthe  Azores,  in  1000  fathoms.  The 
»  forms  may  eventually  prove  to  be  identical,  when  directly 
ipared,  but  none  of  the  numerous  specimens  examined  by 
agree  precisely  with  those  described  and  figured  by  Moseley. 
\  specimens  have  the  calicles  more  oblong,  with  the  enas 
use,  instead  of  acute,  and  the  costae  are  much  larger,  more 
►minent  and  angular;  and  the  whole  surface  is  rougher. 
This  very  fragile  coral  has  the  power  of  restoring  itself  from 
re  fragments.  Many  pieces  have  been  found  showing  new 
icles,  in  all  stages  of  progress,  arising  from  the  inner  surface 
the  fragments  of  old  calicles.  Specimens  thus  restored  are 
en  irregular  in  form  till  of  considerable  size,  and  one,  about 
inch  across,  still  had  a  nearly  circular  outline. 
Ln  life  the  color  of  the  disk  and  tentacles  is  rich  salmon ; 
3  darker  salmon,  with  stripes  of  dark  purplish  brown,  or 
netimes  uniform  madder-brown.  The  larger  tentacles  are 
>ut,  tapered,  subacute.  Our  largest  examples  are  from  off 
lesapeake  Bay,  in  300  fathoms ;  these  are  80°™  high  ;  greater 
ameter,  120°"^ :  lesser,  43™.  A  specimen  from  station  1029, 
8  fathoms,  is  65°'°'  high,  greater  diameter  98°™,  lesser  diam- 
3r,  50°™. 

The  Gloucester  fishermen  have  presented  it  in  eleven  lots, 
ostly  from  near  the  Grand  Bank,  Banquereau,  Sable  Island 
ink,  and  east  of  George's  Bank,  in  180  to  400  fathoms.  We 
.ve  dredged  it,  on  the  Fish  Hawk,  at  various  localities  off 
artha's  Vineyard  and  Nantucket,  in  219  to  487  fathoms;  off 
lesapeake  Bay, — Captain  Tanner.  Large  numbers  were  taken 
stations  893-895,  925,  961,  952,  but  they  were  mostly 
usbed  to  small  fragments  by  the  great  quantities  of  larger 
limals  in  the  trawl. 

athi/actis  »ym7netrica  Moseley. 

Fungia  symmetrica  Pourtales,  Deep  Sea  Oorals,  p.  4G,  pi.  7,  fif^B.  5,  6. 
Bathyactis  symmetrica  Moseley,  Zool.  Voy.  Challenger,  part  vii,  p.  186,  pi.  U, 

figs.  1-13,  la-13a,  1881. 
'  Fungiacyathus  fragilis  M.  Sars,   in  S.  0.  Sars,  Remarkable  Forms  of  Animal 

Life,  i,  p.  58,  pi.  5,  figs.  24-32,  1872. 

Numerous  broken  specimens  of  this  very  fragile  coral  were 
edged  at  stations  879,  880,  895,  in  225-252  fathoms,  1880. 
>me  of   these  specimens  must  have  been  at  least  20°*™  in 

>Proc.    Royal  Soc..   187«,   p.  555;  and  Zoology  Voyage  Challenger,  Part  vii 
p.  on  Corals,  p.  169.  pi.  7.  figH.  1-26.  pi.  16,  flg.  11,  1881. 
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diameter.  They  agree  in  all  respects  with  the  larger  si>ecimens 
figured  by  Moseley. 

This  coral  is  remarkable  for  having  a  wider  range  in  depth 
and  geographically  than  any  other  known  species.  It  was 
taken  by  Pourtales,  off  Florida.  By  the  Challenger  it  was 
taken  in  the  N.  Atlantic,  off  the  Azores  and  off  Bermuda,  in 
32  to  1075  fathoms:  in  the  S.  Atlantic,  in  1900  to  2650 
fathoms;  in  the  South  Indian  Ocean,  in  1600  to  1950  fathoms: 
in  the  Malay  Archipelago  and  West  Pacific,  in  360  to  2440 
fathoms ;  east  of  Japan,  in  2300  to  2900  fathoms ;  off  Valpa- 
raiso, in  1375  fathoms. 

The  Fung  iacyaihus  frag  His  of  Sars  closely  resembles  this  coral, 
but  its  septa  are  not  united  into  groups,  nor  are  there  any 
transverse  dissepiments  nor  trabicuhe  in  the  four  specimens 
described,  although  some  of  them  were  larger  than  many  of 
the  specimens  of  Baihyactis^  in  which  these  characters  are  well 
marked.  A  larger  series  of  the  arctic  form  may,  however, 
serve  to  unite  them. 

ACTINARIA. 

Adamsia  sociabilis  Verrill,  this  vol.,  p.  225. 

This  starts  upon  a  small  shell,  usually  a  pteropod  {Cavoltna\ 
occupied  by  the  crab,  but  eventually  secretes  a  chitinous  pelicle 
and  absorbs  the  shell.  The  base  becomes  much  expanded  and 
bilobed,  the  lobes  often  surrounding  the  aperture  of  the  shell, 
and  uniting.  Column  slender  and  long  in  full  expansion, 
very  changeable,  smooth,  with  pores  near  the  base ;  disk  a  little 
wider;  tentacles  small,  slender,  in  two  circles,  alternately  erect 
and  recurved.     Mouth  often  protruded. 

Sagartia  ahyssicola  Verrill. 

/  Phellia  ahyssicola  Koren  and  Dan.,  Fauna  Lit.,  Norvegise,  iii,  p.  78,  pi.  9,  figi 
3,  4,  1877. 

Base  broad,  adherent,  expanded  and  thin  at  the  edges,  often 
clasping  the  ixxhos  oi  Hyalinoecia^  stems  of  ^^cari^Wa,  etc.  Col- 
umn narrow  in  the  middle,  expanded  at  summit,  usually  cov- 
ered, except  near  summit,  with  a  closely  adherent  coating  of 
sand,  foraminifera,  etc.,  but  many  specimens  are  entirely  naked. 
Tentacles  rather  slender,  acute,  forming  about  three  marginal 
circles,  more  than  half  as  long  as  the  diameter  of  disk.  Column 
flesh-color;  tentacles  sometimes  pale  flesh-color,  sometimes 
salmon,  frequently  dark  purplish  brown,  in  the  paler  examples 
often  with  a  darker  streak  on  each  side  of  the  base ;  flake-white 
patches  often  occur  between  their  bases,  or  at  the  margin;  disk 
usually  orange-brown  or  purplish  brown,  with  lighter  and 
darker  radii.  Pink  acontia  are  oflen  emitted  abundantly  from 
pores  scattered  on  the  column,  and  from  the  mouth. 

Very  abundant  in  this  region,  in  many  localities,  on  pebbles, 
shells,  worm-tubes,  Acanella,  etc. ;  76-506  fathoms. 
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List  of  Anthozoa, 

:XNATULA  ACULEATA  Kor.  &  Dan.     100  to  487  fathoms. 

S.  869,  873,  875,  878  ab.,  880,  892,  895  ab.:  897:  924,  925,  938,  943  ab.,  946 
ry  ab.,  946  ab.,  951,  999,  1025  very  ab.,  1026  ab.,  1028,  1029,  1032,  1045. 

UTNATULA  ACULEATA,  var.  ROSEA  KoF.  &  Dan.     S.  943,  945,  1028. 

iHNATULA  ACULEATA.  var.  ALBA  Verrill.     216  fathoms.     S.  1025. 

iNNATULA  (Ptilella)  borealis  Sars.     224  fathoms.    S.  925  1  j. 

lLTICINA  Pinmarchica  Gray.     160  to  238  fathoms. 
S.  895:  924,  925,  945,  951. 

[RQULARIA,  sp.  (youDg).     487  fathoms.     S.  892. 

sthoptilum  obandiflorum  v.  [=:Viroularia  orandiflora  v.]     302  to  310 
fath.     S.  938,  998. 

J.VICULINA  ABMATA  Vemll.     252  to  326  fathoms.     S.  880,  881. 

cakella  Normani  Verrill.     219  to  458  fathoms. 

S.  880,  881  ab.,  893  ab.,  894,  895:  937,  938  very  ab.,  947  veryab.,  961,  1028, 
129  very  ab.,  1031. 

jtthothela  grandiflora  (Sars)  V.     255  fathoms.    S.  1031. 

STH0MA8TUS  GRANDIFLORUS  Verrill.     410-458  fathoms.     S.  1028.  Ij.,  1029  ab. 

LCYONIUM  OARNEUM  L.  Agassiz.     8  to  30  fathoms. 

DAJfSiA  sociABiLis  Verrill,  sp.  Dov.     86  to  410  fathoms. 

S.  869,  870-873,  876-878:  898:  923,  940-941  very  ab.,  1027  ab.,  1028,  1035 
.,  1036  ab.:  A)43. 

.6ARTIA  ABYSSICOLA  (Kor.  &  Dan.)  V.     76  to  506  fathoms. 

S.  869,  873,  880,  892,  895,  894:  897:  923-925  ab.,  937-939,  940  ab.,  941,  949, 
1,  1025,  1028,   1032  ab.,  1033,  1038  ab.,  1039:   1043,  1047. 

aTiciNA  (Tealia)  crassicornis  Ehr.     1 6  to  40  fathoms. 

iTiciKA  CRASSICORNIS  Ehr.  (?)  Young.     86  to  146  fathoms. 
S.  872  ab.:   923,  949  ab.,  1038  ab.,  1039,  1043. 

ftTiciNA  (Tealia)  lonoicornis  VerriU.     120  to  326  fathoms. 
S.  869,  876,  877,  879-881:  924,  938,  945,  1032,  1033,  1043. 

KTICINA   LONOICORKIS  V.      (?)  Young. 
S.  924,  925,  945,  951.     On  Balticina. 

ftTiciNA  (Tealia)  perdix  Verrill,  sp.  nov.     61  to  116  fathoms. 
S.  871,  872:  920,  sev.  L,  921,  922. 

RTiciNA  (Tealia)  nodosa  (Fabr.)  Verrill.     100  to  506  fathoms. 

S.  869,  872,  876-881,  893-895,  898:  924  ab.,  925,  937-939  ab.  1.,  945,  949, 
1,  997,  998  ab.,  1025,  1026,  1028,  1029,  1031-1033,  1038,  1. 

RTioiNA  CALLOSA  VerriU,  sp.  nov.     120  to  336  fathoms. 

S.  876,  879-880  ab.  1.,  894:  924,  946,  951,  997,  998,  1025,  1031,  1033. 

BTiciNA  CONSOBS  VerriU,  sp.  nov.     160  to  458  fathoms. 
S.  924,  938,  939(3),  947,  1029. 

OTiNBRNUS  8A0INATUS  VerriU,  sp.  nov.     458  fathoms.     S.  1029. 

OLOCERA  TuEDLE  Gosse.     65  to  365  fathoms. 

S.  879-880  ab.,  894,  895:  921,  924  ab.,  925  1.,   938-939  ab.  1.,  1031-1033. 
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Cebianthus  borealis  Yerrill.     100  to  258  fathoms. 
S.  873,  875,  876,  878,  897 :  939. 

Edwakdsia  pamnacea  Verrill.    S.  1038. 

Epizoanthus  Americanus  Verrill.     28  to  487  fathoms. 

S.  865,  869-878  very  ab.,  880,  892,  894,  895,  896:  898  ab.,  899:  918-924  very 
ab.,  939,  940  ab.,  941,  944  very  ab.,  945  ab.,  940  ab.,  985-990,  997-999,  1025, 

1027,  1032  ab.,  1036  ab.,  1036  very  ab.,  1038,  1039,  1040,  1043,  1046. 

Epizoanthus  Americanus  V.,  encrustiDg  variety  (=Zoanthu3  Nbrvegicus  Koreo 
&  DaD.)     69-160  fathoms. 

S.  871-873  ab.:  922-924,  940  ab.,  941,  949,  1036,  1038  ab.,  1039,  1040,  1043, 
1046. 

Epizoanthus  paoubipuila  Verrill,  sp.  nov.    252  to  458  fathoms. 
S.  880,  883,  893,  894:  938,  947  very  ab.,  994,  997,  998,  1028,  1029. 

Pabactathus,  sp.     65  fathoms,  on  shells.     S.  865. 

Flabellum  Goodei  Verrill.     219  to  487  fathoms. 

S.  879,  880,  892,  893-895  ab.,  898,  31.:  925  ab.,  938,   946,  951  ab.,  952  ab., 

1028,  1029,  1031. 

Bathyactis  stmmetbioa  Moseley.     225  to  252  fathoms.     S.  879,  880,  895. 
Parasmilia  Lymani  Pourt.     57  to  130  fathoms.     S.  899  ab. :  940  ab.,  949, 1O40. 


Art.  XXXIV. — On  the  Determination  of  Phosphorus  in  Iron; 
by  J.  Lawrence  Smith,  Louisville,  Ky. 

In  recent  years  it  has  been  a  matter  of  considerable  interest  to 
determinetheamount  of  phosphorus  in  the  iron  used  in  the  arts, 
especially  in  that  form  of  it  known  as  pig  iron  ;  in  fact,  since 
the  manufacture  of  steel  by  the  process  of  conversion  known 
as  the  Bessemer  process,  it  has  become  a  necessary  procedure 
to  ascertain  the  peculiar  fitness  of  the  cast-iron  for  this  purpose; 
and  has  a  bearing  also  upon  the  commercial  value  of  pig-iron. 
It  is  not  many  years  ago  that  a  few  thousandths  in  the  differ- 
ence in  the  amount  of  phosphorus  in  two  lots  of  pig-iron  had 
but  little  effect  upon  its  commercial  value,  while  now,  its  pres- 
ence aflfects  it  to  the  extent  of  several  dollars  value  per  ton. 

Formerly  but  little  reliance  was  to  be  placed  upon  the 
analytical  estimate  of  the  amount  of  these  small  percentages  of 
phosphorus  in  iron,  and  uniform  results  were  not  furnished  by 
different  analysts.  It  was  not  until  the  use  of  an  acid  solution 
of  molybdate  of  ammonia*  was  employed,  that  reliable  results 
were  to  be  had.  Many  years  previous  (in  1852),  when  I  estab- 
lished the  constant  presence  of  phosphorus  in  meteoric  iron,  I 
was  obliged  to  devise  a  process  which,  while  it  gave  very  good 
results,  was  not  applicable  to  the  present  use. 

The  so-called  molybdic  acid  process  did  not  at  first  satisfy 

*  Method  of  making  described  in  Fresenius's  Analytical  Chemistry. 
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chemists,  and  in  hands  of  all  did  not  give  the  uniform  results 
51  red,  and  even  at  the  present  time,  modifications  are  con- 
ntly  being  sought  after. 

The  molybdic  acid  process,  as  first  used,  was  to  precipitate 
?  phosphorus  from  a  nitric  acid  solution  of  the  iron  by  an 
d  solution  of  the  molybdate  of  ammonia,  redissolve  the 
)lybdate  of  ammonia  in  ammonia,  and  precipitate  the  phos- 
orus  by  chloride  of  magnesia  and  ammonia,  and  estimate 
3  amount  of  phosphorus  from  the  phosphate  of  magnesia. 
The  reasons  for  not  estimating  the  phosphorus  by  the 
3t  molybdate  precipitate  were,  first,  the  supposed  indefinite 
ture  of  the  precipitate,  and  secondly,  the  occa^onal  pres- 
ce  of  free  molybdic  acid  in  the  precipitate ;  it  was  also 
3ognized  that  the  large  amount  of  iron  in  the  solution  inter- 
•ed  materially  with  the  precipitation  of  all  the  phosphorus, 
d  it  was  made  very  apparent  that  the  phosphorus  must  be 
ncentrated  into  a  small  portion  of  the  iron  before  commenc- 
g  the  process  of  analysis. 

With  these  facts  well  established  to  my  mind,  I  have  been 
igaged  oflF  and  on  for  two  or  three  years  examining  the  ques- 
)n  of  the  determination  of  phosphorus  in  iron  and  steel, 
aking  several  hundreds  of  variously  modified  experiments, 
id  repeating  the  details  of  processes  adopted  by  different 
lemists. 

I  first  tried  the  solution  of  from  one  to  three  grams  of 
on  or  steel  in  aqua  regia,  and  precipitating  by  the  molybdic 
)lution,  with  all  the  iron  present  and  without  separating  the 
ilica ;  but  the  process  gave  no  satisfaction,  whatever  way  the 
hosphorus  was  ultimately  weighed;  nor  did  the  evaporation 
)  dryness  over  a  water-bath  and  redissolving  with  a  little 
itric  acid  materially  improve  it.  It  became  very  evident,  as 
ready  recognized  by  several  English  and  American  chemists, 
at  silica  must  not  be  in  the  solution  in  which  the  molybdic 
'ecipitate  was  made  ;  and,  furthermore,  that  the  larger  portion 

iron  must  be  eliminated  from  the  solution  before  this  pre- 
pitation  was  attempted.  The  chemist  of  the  Burdon  Iron 
'^orks,  Troy,  and  of  the  Pennsylvania  Central  Railroad  gave 
e  their  experience  on  the  subject. 

In  describing  the  following  method,  ultimately  adopted  as 
fording  the  most  speedy  and  accurate  results,  I  give  but  little 
3e  than  slight  modifications  of  methods  already  employed  by 
hers,  with  such  detml  of  manipulation  as  facilitates  uniform 
ethod  of  operation.* 

QrjLantiiy  of  iron  employed. — It  is  customary  to  employ  1 
am  for  pig-iron,  and  2  to  3  grams  for  malleable  iron  and 
eel  ;    but  in   my  own  practice  I  employ  but  1  gram   for 

^.  Peters  has  used  a  process  nearly  the  same  as  the  Burdon  Iron  Works,  Troy. 
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all  varieties  of  iron  ;  for  even  where  the  iron  or  steel  contains 
one-thousandth  and  less  of  phosphorus,  I  ^et  as  satisfactor; 
results  as  where  2  and  3  grams  are  employed. 

Solution, — The  iron,  say  1  gram,  is  placed  in  a  porcelain 
capsule  of  about  from  100  to  150  c.  m.,  and  3  or  4  c.  m.  of  water 
added  ;  the  capsule  is  placed  on  a  water-bath,  and  10  to  15  c  m. 
of  aqua  regia  is  added  little  by  little ;  the  aqua  regia  is  prepared 
in  advance  in  the  usual  way  with  two  parts  chlorhydric  acid 
and  one  part  nitric  acid.  The  contents  of  the  capsule  are  now 
evaporated  to  dryness  over  the  water  bath  or  more  speedily  on 
an  iron  plate  ;  the  capsule  with  its  contents  is  then  placed  in 
an  air-bath  and  heated  from  140°  to  150°  C.  for  from  80 
minutes  to  1  hour— thus  rendering  all  the  silica  insoluble;  8 
or  4  c.  m.  of  chlorhydric  acid  with  an  equal  quantity  of  water 
are  added  to  the  dry  residue,  and  then  warmed  gently  over  a 
water  bath  or  lamp ;  the  iron  is  redissolved,  a  little  more  water 
added,  the  solution  filtered  with  the  filter  pump;  the  filtrate 
placed  on  a  narrow  graduated  measure  of  100  c  m.  capacity  and 
sufficient  water  added  to  make  the  liquid  contents  100  c.  m. ;  the 
whole  is  well  shaken  to  make  the  solution  uniform.  The  next 
step  is  to  concentrate  all  the  phosphorus  into  a  limited  amouDt 
of  the  iron. 

Concentration  of  the  phosphorus, — From  90  to  92  a  m.  of  the 
last  solution  is  placed  in  a  capsule  of  300  or  400  c.  m.  capacity, 
either  of  porcelain  or  platinum — the  latter  I  use  by  preference 
— and  100  c.  m.  of  water  added  ;  the  iron  oxide  is  now  reduced 
to  iron   protoxide  by  soda  sulphite  or  ammonia  sulphite.*    I 
prefer  the  latter,  and  prepare  it  in  the  manner  mentioned  in 
the   note ;    the   ammonia  sulphite   I    used   at   the   suggestion 
of  Mr.   S.  Peters,   which  he  stated    to  me  was   used  advan- 
tageously by  himself  and  othei-s.      Two  or  three  centimeters 
of  the  ammonia  sulphite  is  ad<led  to  the  iron  solution  and  the 
contents  of  the  capsule  are  boiled  until  all  iJie  sulphurous  acid 
is  driven  off]  this  stage  of  the  process  being  recognized  by  the 
sense  of  smell.     By  putting  a  small   drop  of  the  solution  on 
the  end  of  a  glass  stirrer  into  a  weak  ammonia  solution  we 
readily  recognize  the  complete  conversion  of  the  oxide,  for  the 
precipitate  is  nearly  white.     Of  course  during  the  whole  of  the 
above  process  the  solution  is  acid,  with  the  exceSs  of  chlorhy-- 
dric  acid.     Ammonia  is  now  added  slowly  to  the  warm  solu- 
tion  until  a  little  of  the  greenish  precipitate  remains  undis- 
solved ;  about  20  e.  m.  of  acetic  acid  is  now  added  to  the  solu- 
tion (which  immediately  redisxsolves  the  precipitate),  and  then 

*  Kqual  parts  of  nimuouia  ami  water  are  platted  in  a  bottle  and  an  excess  of 
sulplinrio  acid  passed  throujrh ;  tlie  operation  lasts  for  several  hours,  using  a  mil- 
tun^  of  chai\H>al  and  snlpliurif  aoiil.  « >ni*t'  prepan»d  it  keeps  very  well,  when 
kept  from  the  li^ht. 
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1  or  2  c.  ra.  of  ammonia  acetate  solution  ;  finally,  the  8  or 
10  c  m.  of  original  solution  remaining  in  the  graduated  glass 
is  added  with  200  or  300  c.  m.  of  water. 

The  whole  contents  of  the  large  capsule  is  boiled  gently 
from  one-half  to  one  hour,  and  if  necessary  the  water  renewed 
as  it  is  evaporated.  The  result  is  the  formation  of  a  basic  per- 
salt  of  iron  containing  practically  all  the  phosphorus  that  was 
originally  in  the  gram  oi  iron  used. 

Separation  of  the  phosphorus  from  tfie  above  precipitate. — With 
a  filter-pump  on  a  3i-inch  filter,  the  last  precipitate  is  collected 
in  15  or 20  minutes;  the  precipitate  is  not  washed,  but  a  mix- 
ture of  6  or  6  c.  m.  of  chlorhydric  acid,  with  an  equal  quantity 
Df  water,  is  warmed  in  the  capsule  in  which  the  boiling  has  taken 
place,  so  as  to  dissolve  the  adhering  oxide  of  iron  ;  the  hot 
acid  solution  is  thrown  on  the  filter  in  the  funnel,  detached 
from  the  pump,  the  filtrate  is  readily  dissolved  and  passes  in 
some  convenient  vessel,  and  the  filter  washed  once  or  twice; 
this  solution  is  placed  in  a  porcelain  capsule  and  evaporated  to 
Iryness  over  a  water-bath  or  on  a  hot  plate.  I  prefer  the  for- 
mer, although  it  takes  a  longer  time.  To  the  dry,  but  not 
3ver-heated  residue  is  added  1  to  2  c  m.  of  nitric  acid,  with  an 
5qual  quantity  of  water;  this  will  furnish  a  clear  solution  if 
there  be  no  titanium  in  the  iron  ;  if  the  latter  be  present,  there 
will  be  formed  a  flocculent  precipitate  that  can  be  readily  sep- 
arated by  a  filter  prior  to  the  last  treatment. 

The  last  treatment, — The  solution  now  need  not  be  more  than 
10  or  20  c.  m.,  to  which  ammonia  is  to  be  added  until  the  pre- 
cipitate first  formed  is  no  longer  redissolved;  then  add  a  few 
drops  of  nitric  acid  to  clear  up  the  solution  completely,  in 
which  the  phosphorus  is  supposed  to  have  been  concentrated. 
80  c.  m.  of  molybdic  acid  solution  is  now  added  to  the  last 
8olution  in  a  small  beaker  which  is  then  warmed  for  15  or  20 
minutes  to  a  temperature  of  80°  C,  and  agitated  with  a  glass 
rod.    The  phosphorus  is  precipitated  as  the  double  ammonia- 
salt,  and  settles  as  a  chrome-yellow  powder  in  less  than  30 
minutes,  and    is   ready   for    collection    on   a  double   filter,* 
although  I  commonly  allow  two  hours  or  more  time  to  elapse 
before  filtering  and  washing  with  the  filter-pump.     As  the  fil- 
ter is  very  small  it  is  readily  washed  with  a  little  distilled 
water. 

*  Whenever  I  filter  a  participate  to  be  weighed  on  the  filter,  a  double  filter  is 
med,  each  of  the  same  size ;  tliej  are  weighed  one  against  the  other  and  exactly 
balanced  by  the  weights;  on  the  lighter  one  a  +  mark  is  put  with  pencil,  and 
the  number  of  mg.  that  it  is  lighter  than  the  other.  As  only  a  2|  or  3-inch 
filter  is  used,  the  difference  in  weight  between  the  filters  does  not  usually  exceed 
10  or  20  mg.  I  always  keep  a  number  of  these  double  filters  (with  the  difference 
marked  on  them)  ready  for  this  purpose  or  any  other. 
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After  washing,  the  double  filter  is  placed  in  an  air-bath  heated 
to  about  120°  C.,  and  in  about  80  minutes  weighted  by  sep- 
arating the  filters,  the  complete  dryness  is  verifi^  by  a  second 
heating  in  the  air  bath. 

Of  the  phospho-molybdate  every  100  m.  g.  will  contain 
1*63  m.  g.  01  phosphorus,  or  3*74  m.  g.  of  phosphoric  acid.  The 
result  of  this  method  of  analysis  will  indicate  a  very  minute 
quantity  of  phosphorus  less  than  what  is  contained  in  the  iron, 
but  so  small  as  not  to  affect  the  practical  result,  and  will  be 
more  accurate,  certain  and  speedy  than  if  estimated  as  magne- 
sian  phosphate. 

Cold  short  iron, — It  has  been  customary  to  attribute  the  cold 
shortness  of  certain  iron  to  the  presence  of  phosphorus.  Now, 
after  working  on  this  problem  in  rolling  mills,  I  have  found 
that  the  phosphorus  cannot  alone  account  for  this  peculiarity. 
Very  often  I  nave  taken  a  1-inch  and  1  J-inch  iron  that  was  very 
cola  short  and  working  them  down  to  smaller  sizes,  as  J-inch 
bars,  etc,  found  that  very  good  merchantable  iron  is  produced, 
capable  of  being  bent  and  forged  cold  or  hot  as  well  as  any 
good  quality  of  iron,  although  the  phosphorus  in  the  large 
and  small  iron  is  the  same  in  quantity.  I  would  not  say  that 
phosphorus  has  no  effect  on  the  cold  shortness  of  iron,  but  I 
would  remark  that  whatever  effect  it  has  is  very  much  modi- 
fied by  the  manner  of  working  the  iron.  And  this  opinion  is 
sustained  by  that  of  others  who  have  had  much  to  do  with  the 
working  of  iron. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  Apparattis  for  illustrating  the  action  of  Geysers, — In  J. 
Mtlller's  Cosmical  Physics,  2d  ed.,  p.  386, 1865,  Bunsen^s  theory 
of  the  eruption  of  geysers  is  illustrated  hj  filling  a  vertical  me- 
tallic pipe  with  water  and  applying  heat  to  its  middle  portion 
and  to  its  lower  end.  G.  Wiedemann  believes  that  this  appara- 
tus does  not  truly  represent  the  actual  phenomenon,  since  it  is 
hard  to  conceive  of  the  earth's  heat  being  applied  in  two  points; 
and  he  has  for  several  years  used  the  following  apparatus  in  his 
lectures.  A  Florence  flask  is  provided  with  a  long  vertical  glass 
tube  drawn  out  at  its  upper  end  into  a  comparatively  small  orifice. 
Another  glass  tube  passes  through  the  cork  which  closes  the  raouth 
of  the  flask  and  is  led  away  at  an  angle  to  a  glass  bottle  which  it 
enters  by  a  stop  cock  at  the  base  of  this  bottle.  This  bottle  is  filled 
with  water,  the  height  of  the  liquid  being  about  at  the  level  oi 
the  top  of  the  vertical  glass  tube  which  rises  from  the  Florence 
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flask.  The  Floreoce  flask  filled  with  water  is  heated  from  beueath 
by  a  Buusen  burner,  and  water  entering  through  the  stop  cock 
from  the  glass  bottle  is  raised  to  the  boiling  point.  The  bubbles 
of  steam  rise  in  the  vertical  tube  and  the  alternations  of  heating  in 
the  flask  and  changes  of  level  of  the  water  in  the  vertical  tube 
cause  steam  and  water  to  issue  with  violence  from  the  vertical  tube. 
The  tube  conveying  the  cold  water  to  the  Florence  flask  should  be 
curved  at  its  lower  end  to  prevent  the  cold  water  from  striking 
the  hot  base  of  the  flask,  and  the  vertical  tube  should  be  flush 
with  the  bottom  of  the  cork  which  closes  the  Florence  flask. — 
Ann.  der  Physik  mid  Chemie^  No.  1,  1882,  pp.  173-1*75.      j.  t. 

2.  Electrical  resistance  of  Gases.  —  E.  Edlund  in  this  paper 
reviews  the  results  of.  previous  experimenters,  especially  those  of 
Becquerel  and  Hittorf.  Since  it  is  known  that  gases  differ  from 
solid  and  fluid  bodies  in  not  conducting  electricity  until  the  elec- 
tromotive force  acting  upon  them  has  reached  a  certain  limit,  Ed- 
lund shows  that  the  strength  of  the  currents  passing  through  layr 
ers  of  gases  cannot  be  inversely  as  the  resistance  of  these  layers. 
Becquerel  and  Hittoi-Ts  experiments,  however,  lead  to  this  erro- 
neous conclusion.  Edlund  shows  that  his  unitarian  theory  of 
electricity  is  borne  out  by  the  behavior  of  gas  in  respect  to  elec- 
trical conduction. — Ann.  der  Physik  und  Chemie^  No.  1,  1882, 
pp.  165-171.  J.  T. 

3.  Dielectric  polarization  in  Electrolytes.  —  The  phenomenon 
of  electrical  conduction  through  electrolytes  has  lately  been  the 
subject  of  much  investigation,  and  R.  Colley  in  1879  stated  his 
conviction  that  each  electrode  immersed  in  the  electrolyte  acted, 
with  its  layers  of  gases,  as  a  condenser  and  the  intervenmg  liquid 
as  a  conductor.  Helmholtz  in  the  same  year  showed  that  the 
electrodes  placed  very  near  each  other  acted  as  a  condenser  inter- 
calated in  a  circuit.  R.  Colley  has  returned  to  the  question  and 
has  investigated  the  action  of  a  series  of  substances  which  pass 
by  degrees  from  the  condition  of  conductors  to  indifferent  con- 
ductors of  electricity.  Among  these  substances  were  benzol, 
light  benzine,  heavy  benzine,  petroleum,  olive  oil,  solution  of 
chloride  of  iron  in  benzol,  and  ether.  The  results  of  his  ipvestiga- 
tion  confirm  the  views  of  Faraday  and  Maxwell  in  regard  to  elec- 
trical action  in  a  dielectric.  Dielectric  polaiization  exists  not 
only  in  insulators  but  also  in  conductors,  and  the  dielectric  con- 
stants of  electrolytes  are  of  the  same  order  of  greatness  as  those 
of  true  dielectrics. — Anii.  der  Physik  und  Chemie^  No.  1,  1882, 
pp.  94-111.  J.  T. 

4.  Change  of  temperature  due  to  extensiori  and  contraction  of 
metallic  wires. — In   works   on    ther mo-dynamics  the   expression 

(273-4- 1)  (xJ^ 
S  =  —  ^^ — T —   is  given  for  the  change  of  temperature  which 

A  ,  to »  C 

results  from  mechanical  strains  in  wires  produced  by  extension 
asd  subsequent  contraction.     In  this  expression. 
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A  is  the  mechanical  equivalent  of  heat, 

P  the  change  of  tension, 

a  the  coefficient  of  expansion, 

C  the  specific  heat, 

W  the  weight  of  unit  length. 

Joule  was  the  first  to  test  the  formula  and  his  results  did  not 
entirely  confirm  the  theoretical  result.  Edlund  found  that  the 
formula  led  to  a  value  of  A=682-7  kilogrammeters,  and  concludes 
that  the  discrepancy  must  be  explained  by  the  presence  of  inter- 
nal work  in  the  wire.  Rtlhlman  is  opposed  to  the  conclusion  of 
Edlund,  and  does  not  think  it  probable  that  the  specific  heats  of 
stretched  wires  can  differ  essentially  from  those  of  unstretched 
wires.  H.  Haga  has  accordingly  tested  the  formula  experiment- 
ally, measuring  carefully  the  specific  heats  of  the  wires.  From  a 
steel  wire  and  a  Geiman  silver  wire  the  values  of  A  were  43V'8 
and  428*1  respectively,  and  the  author  therefore  concludes  that  the 
formula  is  correct  and  the  mechanical  theory  of  heat  explains  the 
changes  of  temperature  which  follow  the  extension  and  contrac- 
tion of  wires. — Ann,  der  Physik  und  Chemiey  No.  1,  1882,  pp.  1- 

18.  J.  T. 

5.  Phosphorescence. — Capt.  Abnky,  R.E.,  at  a  meeting  of  the 
Physical  Society,  London,  Jan.  28,  exhibited  some  experiments 
upon  phosphorescence,  and  showed  that  a  surface  covered  with 
Balmain's  luminous  paint,  which  is  violet  when  excited  by  day- 
light, becomes  more  violet  when  it  receives  the  blue  rays  of  the 
solar  spectrum.  The  red  end  of  the  spectrum,  however,  extin- 
guished the  violet  phosphorescence.  The  light  of  an  electric 
lamp  passed  through  a  sheet  of  red  glass  also  extinguished  the 
phosphorescence.  Capt.  Abney  believes  that  there  are  a  series  of 
octaves  in  the  blue  end  of  the  spectrum  which  do  not  extin- 
guish the  violet  light.  The  mean  wave  length  of  the  rays  excit- 
ing the  phosphorescence  was  found  to  be  4300. — Nature^  Feb.  9, 
1882.  J.  T. 

6.  Discussion  of  the  Fourier- Poissoyi  theory  of  the  conduction 
of  heat — The  principal  objections  to  this  theory  are  the  follow- 
ing: 1.  It  does  not  take  into  consideration  changes  in  specific  heat 
2.  It  considers  that  the  conductivity  of  a  metal  is  independent  of 
its  expansion.  3.  It  considers  the  exchange  of  heat  between  two 
contiguous  bodies  proportional  to  the  difference  between  the 
temperatures  U  and  XT  of  their  boundaries.  W.  Hergesell  dis- 
cusses these  objections  and  thinks  that  the  objections  1  and  3  are 
not  important,  and  that  the  points  can  be  embraced  by  the  theory. 
He  shows,  in  the  case  of  2,  that  Fourier's  theory  demands  that  if 
the  conductivity  is  diminished  by  extension  that  the  flow  of  heal 
between  like  particles  is  increased  (under  certain  limitations),— 
Ann,  der  Physik  nnd  Chemie,  No.  1,  1882,  pp.  19-38.  J.  T. 

7.  /Spectroscopic  observations  with  monochromatic  light.  —  M. 
Zenger  finds  that  benzine  and  benzylene  in  a  compound  prism 
together  with  quartz  at  an  angle  of  75*  elimlDate  the  extreme 
red,  while  pure  anethol  at  the  i^r|iiMs|pg  juurif^^f  7^^  elimiiiitai 
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le  extreme  violet.  A  compound  prism  or  parallelopiped  thus 
)rmed  affords  the  best  means  of  studying  solar  protuberances 
nd  spots  and  the  reversed  lines  of  the  chromosphere.  The  prism 
I  recommended  to  the  Transit  of  Venus  Commission,  since  clear- 
ess  of  definition  can  be  obtained  under  great  dispersive  and 
irge  magnifying  power.  It  also  obviates  confusion  arising  from 
iterference  bands  at  the  edge  of  the  disk  of  Venus  and  the  effects 
f  irradiation  are  obviated.  It  is  also  claimed  that  better  solar 
hotographs  can  be  obtained  by  the  use  of  this  prism. —  Comptes 
lendus,  Jan.  23,  1882,  pp.  155-157.  j.  T. 

8.  On  crystals  of  Potassium  Chloride  found  in  the  extras 
f  Wormwood  or  Absinth  {Artemisia  Absiyithium  L. ;  by  E. 
Ilaassen.  (Communicated). — Some  time  ago  I  had  occasion 
)  make  use  of  the  above  named  extract  and  was  surprised  to 
nd  in  it  many  perfectly  transparent,  yellowish,  almost  colorless 
rystals  of  great  regularity  of  form.     The  largest  were  about 

inch  in  diameter  and  weighed  130  milligrams  (about  two 
rains).  By  studying  their  crystallographic  form  I  found  that 
ley  belonged  to  the  isometric  system ;  one  crystal  was  a  cube  with 
ie  angles  slightly  replaced  with  octahedral  planes,  the  others 
ere  combinations  of  the  octahedron  and  cube,  with  either  a  pre- 
ominant  octahedron  or  with  no  predominance  of  either  of  the 
>rms.  Several  of  the  last  mentioned  crystals  show,  however, 
Iso  very  nicely  and  distinctly  besides  these  forms,  the  icositetra- 
edron  2-2  (202).  By  chemical  analysis  it  was  found,  that  the 
rystals  were  potassium  chloride. 

This  salt  is  commonly  found  in  cubes,  and  the  uncommon  forms 
escribed  are  perhaps  due  to  the  presence  of  organic  substances 
I  the  wormwood  extract. 
Cleveland,  Jan.,  1882. 

11.  Geology  and  Mineralogy. 

1.  T^des  in  early  Geological  time. — Mr.  G.  H.  Darwin,  whose 
aper  on  the  "Precession  of  a  Viscous  Solid"  (Phil.  Trans.,  18*79), 
illed  out  the  remarks  of  Mr.  Ball,  Astronomer  Royal  of  Ireland, 
n  great  tides  as  a  geological  agency  in  early  time,  states,  in  Na- 
ire  for  January  5th,  his  non-concurrence  with  Mr.  Ball  in  his 
inclusions.  The  enormous  tides  referred  to  by  Mr.  Ball,  he 
ould  locate  in  pre-geological  periods.  He  had  contemplated 
le  possibility  of  tides  two  or  three  times  as  high  as  at  present  in 
ie  earliest  geological  time,  and  observes  that  this  estimate  is 
robably  rather  excessive  than  deficient.  As  in  his  former  paper, 
[r.  Darwin  states  that  an  increase  of  rain-fall  would  be  an  un- 
oubted  result  of  the  conditions,  and  that  this  should  have  had  its 
eological  effects.  When  the  tide  was  648  feet  high  the  moon 
as  about  ten  earth's  diameters  distant,  and,  Mr.  Darwin  ob- 
nrvefi,  the  earth  must  have  been  rotating  in  about  seven  hours ; 
10  Mdet  would  probably  have  had  a  velocity  of  Si  their  present 
"^HiMEMequently,  vortical  storms  would  have  had  pro- 
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digious  violence ;  but  these  conditions  would  have  favored  the 
making  of  a  large  proportion  of  very  coarse-ffrained  sedimentary 
rocks,  contrary  to  the  fact  among  the  earliest  of  fossiliferous 
strata. 

Tides  having  twice  the  height  of  modem  tides  (such  as  existed 
when  the  moon  was  a  fifth  nearer  the  earth  than  now.)  would  have 
aided  much  in  degradation  during  Archaean  times,  by  increasing 
the  vertical  range  of  wave  and  current  action  and  the  working 
force  of  tidal  currents  flowing  through  shallow  seas  or  channels; 
and  this  action  together  with  tliat  of  erosion  resulting  from  large 
precipitation,  are  the  chief  geological  eflfects  over  the  earth's  sur- 
face which  Mr.  Darwin  attributes  to  the  cause  mentioned.  Geolo- 
gists have  here  no  reason  to  question  Mr.  Darwin's  judgment. 
Another  effect  is  also  mentioned  in  the  original  paper,  and  re- 
ferred to  here  again :  that  "  the  ellipticity  of  figure  of  the  earth 
must  have  been  continually  diminishing,  and  thus  the  polar  regions 
must  have  been  ever  rising  and  the  equatorial  ones  falling;  but 
as  the  ocean  always  followed  these  changes,  they  might  quite  well 
have  left  no  geological  traces." 

2.  Contributions  to  the  History  of  the  Vertebrata  for  the  Lower 
Eocene  of  Wyoming  and  New  Mexico y  made  during  1881 ;  by 
E.  D.  CoPK.  Read  before  the  Amer.  Phil.  Soc,  Dec.  16,  1881. 
Cope's  Palaeontological  Bulletin,  No.  34. — This  paper  by  Profes- 
sor Cope  treats  especially  of  the  Lower  Eocene  of  the  basin  of  the 
Big  Horn  River.  The  upper  drainage  basin  of  the  Big  Horn 
River,  which  was  examined  in  1859  by  Dr.  llayden  and  then  pro- 
nounced Lower  Eocene,  was  explored  in  1880  bv  a  party  under 
J.  L.  Wortman,  sent  out  by  Professor  Cope,  t'rom  the  speci- 
mens collected,  Professor  Cope  confirms  the  results  of  Hayden's 
survey,  concluding  that  the  beds  are  intermediate  between  the 
Bridger  and  Wasatch  beds,  they  containing  genera  hitherto  re- 
garded as  peculiar  to  each.  A  lower  basin  lies  on  the  same  river 
north  of  the  Big  Horn  Mountains.  In  1881,  Mr.  Wortman,  under 
the  same  auspices,  made  further  explorations  of  the  region,  and 
obtained  numerous  extinct  vertebrates  from  the  Lower  Eocene  hor- 
izon. These  Eocene  beds  "  cannot  be  less  than  4000  feet  in  verti- 
cal depth  ;"  they  are  now. eroded  in  bad-land  style  and  are  under 
bad-land  dryness  and  other  features.  They  consist  of  variously 
colored  clays,  a  large  part  red,  alternating  with  brown  and  blue 
sandstone  layers.  The  species  of  vertebrate  fossils  mentioned  in- 
clude fishes,  reptiles  and  mammals.  Among  the  last,  twenty-four 
are  described  as  new  species,  and  some  of  these  are  referred  to 
new  genera,  and  they  are  stated  to  represent  fully  the  Wasatch 
fauna  with  little  admixture  of  earlier  or  later  forms.  In  place  of 
the  characteristic  Middle  Eocene  (Bridger)  genera,  Hyrachyiu^ 
Palfjp.osyops^  Uintatherlum  and  the  TiUodonta^  there  are  PhaMco- 
dus,  llf/racotherium^  Voryphodon  and  Tceniodonta,  as  in  Ne^r 
Mexico ;  but  several  genera  are,  as  elsewhere,  common  to  the  two 
horizons,  and  two  species  from  both,  Hyopsodus  paulus  and  JI 
vicariffSy  cannot  be  distinguished  by  the  parts  preserved.    The 
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Big  Horn  collection  is  peculiar  araons^  those  of  Wasatch  age,  in 
the  presence  of  numerous  species  of  Phena^.odus  and  of  new  and 
rare  species  of  genera  of  (Joryphodontidae,  The  new  Corypho- 
donts  here  described  are  Manteodon  subquadratua^  JSctacodon 
cincttis,  Coryphodon  anax^  C,  repandus^  (J.  curvicristiSj  C,  mar- 
ginatus^  Metalophodon  testis  ;  and  besides  these,  four  previously 
described  species  occur  among  the  fossils,  C,  cuspidattis,  C.  IcUi- 
pes^  C.  simus  and  0.  elephantopus.  The  collections  include  the 
uew  Artiodactyles,  3fiocl€Bnus  brachystomus  and  3/.  etsagicus, 
species  of  the  oldest  type  of  Artiodactyle  yet  de<^cribed.  The 
first  of  these  species  was  about  the  size  of  the  Javan  Musk-deer 
Tragulns  Javanicus,  The  characters  of  the  genus  are,  in  general, 
similar  to  those  of  Dichobime^  even  to  the  presence  of  the  exter- 
Dal  digits  (which  are  wanting  in  the  Anoplotheriidse) ;  it  differs 
"in  the  presence  of  but  one  internal  tubercle  of  the  superior  mo- 
lai*8  and  in  the  single  external  tubercle  of  the  superior  pre- 
molars." 

The  collections  contain  two  species  related  to  the  Lemurs  and 
family  ProsimiijB^  named  Cynodontoinys  latidens  and  Anaptomor- 
phus  honiuncidus.  The  latter  is  remarkable  for  the  small  size  of 
the  canine  teeth.  The  genus  is  nearest  to  Tarsius  among  the 
Lemurs.  Contrary  to  the  ordinary  fact  among  the  early  Mam- 
mals, the  brain  and  its  hemispheres  are  not  at  all  smaller  than 
those  of  Tarsius  or  of  the  typical  modern  Lemurs. 

3.  Report  of  the  State  Geologist  of  N'ew  Jersey^  Professor  G. 
H.  Cook,  for  the  year  1881.  108  pp.  8vo,  with  a  colored 
Geological  Map  of  the  State. — This  report  is  devoted  chiefly  to 
the  subject  of  New  Jersey  climate.  With  regard  to  the  iron-ore 
districts,  largely  Archaean,  the  report  gives  the  welcome  informa- 
tion that  the  survey  has  had  the  construction  of  careful  topo- 
graphical and  geological  maps  of  the  districts  in  progress  for  the 
two  years  past,  and  that  the  surveys  now  completed  cover  nearly 
three-fifths  of  the  whole.  The  topography  is  based  on  the  U.  S. 
Coast  Survey  triangulation,  and  elevations  will  be  given  by  care- 
fully determined  contour-lines  for  every  twenty  feet.  By  the  aid 
of  the  maps,  it  is  expected  to  make  out  completely  the  system  in 
the  distribution  of  the  ore-beds  so  as  to  be  able  to  point  out  where 
they  are  to  be  looked  for  and  where  not. 

4.  Dioptase  from  Arizona;  by  R.  C.  Hills.  (Communicated.) 
— The  rare  mineral  dioptase  has  been  recently  found  at  the  Bon 
Ton  gr(»up  of  mines,  near  the  head  of  Chase  Creek,  about  nine 
miles  from  Clifton,  Arizona.  It  occurs  in  brilliant  crystals  lining 
cavities  in  what  is  called  locally  the  "  mahogany  ore,"  a  dark- 
brown  compact  mixture  consisting  principally  of  limonite  and 
oxide  of  copper  in  varying  proportions. 

5.  Analysis  of  a  variety  of  Siderite ;  by  Edo.  Claassen. 
(Communicated). — This  variety  of  siderite  occurs  on  hematite  in 
the  Lake  Superior  Iron  Region,  Mich.,  either  in  single  rhombohe- 
dral  crystals,  or  more  commonly  in  crystalline  crusts.  It  is  often 
also  found  associated  with  crystals  of  calcite,  which  then  form  on 
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the  hematite  a  coating  covered  more  or  less  by  the  crystals  of 
siderite.  The  siderite  has  a  light  green  color,  which  by  exposure 
of  the  crystals  to  air  and  water  turns  brown  and  yellowish-brown. 
It  gives  the  usual  reactions  for  siderite,  and  also  a  slight  man- 
ganese reaction.     It  contains 


FeCO, 

CaCO, 

MgCO, 

MnCO, 

66-240 

28-362 

5-391 

trace    =99*993 

or 

FeO 

CaO 

MgO 

MnO 

CO, 

41115 

15-883 

2-567 

trace 

40-428= 99-993 

According  to  the  above  analysis  the  ratio  of  FeCO,:  CaCO,: 
MgCO,  is  =9:4^:  1. 

Cleveland,  0.,  Jan.,  1882. 

III.  Botany  and  Zoology. 

1.  The  Names  of  Herbes,  By  William  Tubner,  A.  D.  1548. 
Edited  {with  an  Introduction^  an  Index  of  English  Natnes^  and 
an  Identification  of  the  Plants  emimercUed  by  Turner) ^  by  James 
Britten,  F.L.S.,  of  the  British  Museum,  London  ;  published  for 
the  English  I^ialect  Society,  Trtibner  &  Co.,  1881.  The  original 
full  title  is  "The  Names  of  herbes  in  Greke,  Latin,  Duch  and 
Frenche  wyth  the  commune  names  that  Herbaries  and  Apoteca- 
ries  vse.  Gathered  bv  William  Turner."  The  dedication  to  the 
"  Duke  of  Sumirierset "  and  preface  addressed  to  him,  is  "  from 
your  graces  house  at  Syon,"  and  from  Isle  worth,  almost  under 
the  shadow  of  Syon  House,  Mr.  Britten  issues  his  editorial  pre- 
face. Full  of  instruction  and  quaint  interest  is  this  neat  volume, 
of  1 34  pages,  8vo.  a.  g. 

2.  A  Synopsis  of  tlie  North  Am^ican  Lichens^  part  I,  by 
Edward  Tuckkrman.  Boston:  Cassino,  1882.  pp.  262,  8vo.— 
It  is  a  great  pleasure  to  receive  this  volume,  which  cryptogamic 
students  have  greatly  needed  and  longed  for.  It  is  the  first  part 
of  a  work  intended  to  describe  all  our  North  American  Lichens; 
and  we  have  here  a  very  important  portion  of  them,  namely,  the 
Parmeliacei^  Cladoniei  and  Vomoyoniei,  arranged  in  the  man- 
ner proposed  by  Prof.  Tuckerman  in  his  Genera  Lichenum^  pub- 
lished in  1872.  In  an  introduction  of  seventeen  pages  the  author 
briefly  states  his  views  with  regard  to  the  nature  of  Lichens, 
which  he  thinks  ought,  together  with  Algje  and  Fungi,  to  be  still 
considered  as  the  three  classes  into  which  Thallophytes  should 
be  divided.  With  respect  to  the  development  of  the  lichen- 
thallus  he  follows  in  the  main  the  views  expressed  by  Minks 
in  his  work  on  the  Microgonidium,  and  he  adopts  the  account 
given  by  Bayerhofler  and  Minks  of  the  development  of  the  sper- 
mogonium  and  apothecium.  The  remainder  of  the  work  is  a 
systematic  description  of  the  species  of  the  three  families  named 
above  which  occur  in  Arctic  and  temperate  America.     As  usual. 
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Prof.  Tuckerman  has  shown  a  wise  coDservatiain  with  regard  to 
the  limitation  of  species,  avoiding  the  excessive  multiplications, 
founded  on  trivial  or  accidental  distinctions,  which  characterize 
the   writings  of  some   modern   lichenologists.     Nor  does  he  to 
mach  extent  make  use  of  chemical  tests  for  the  purpose  of  dis- 
tinguishing species,  as  is  done  by  Nylanderand  several  European 
botanists,  who  have  pushed  this  means  of  diagnosis  to  an  extreme. 
The  descriptions  are  clear  and  adequate,  without  being  diffuse, 
and  the  botanist  and  student  are  now  in  position  to  determine 
Xorth  American  Lichens  with  a  degree  of  ease  hitherto  unknown : 
for  the  earlier  writings  of  Prof.  Tuckerman,  as  well  as  his  Lich- 
enes  Exsiccati,  have  long  been  difficult  or  impossible  to  procure, 
and  many  of  his  recent  writings  are  scattered  in  the  proceedings 
of  societies  to  which  the  botanical  public  do  not  generally  have 
access.     It  is  a  rare  good  fortune  for  those  interested  in  the  study 
of  our  Lichens  that  the  pioneer  in  this  department  of  botany  in 
America  should  also  be  the  one  to  publish  the  first  complete  ac- 
count of  the  species  of  the  United  States ;  for,  in  addition  to  his 
own  great  experience  and  protracted  researches  carried  on  in  this 
country.  Prof.  Tuckerman  in  the  very  beginning  of  his  botanical 
career  was  the  personal  friend  and  correspondent  of  Elias  Fries, 
the  most  learned  and  acute  lichenolo^ist  of  nis  time.     He  has  been 
able,  so  to  speak,  to  transmit  to  us  m  this  country  the  views  of 
the  fathers  of  the  science  with  regard  to  North  American  species 
and   their  relations  to  European  forms.     In  the  case  of  marine 
algse,  Harvey  unfortunately  died  before  any  one  in  this  country 
began  really  to  study  that  group  of  plants,  and  we  are  left  in  the 
dark  as  to  many  species  about  which  Harvey  alone  could  have 
given  information.     With  the  death  of  Curtis,  too,  students  of 
Fungi  lost  the  only  person  capable  of  pointing  out  with  certainty 
in  our  fields   and  woods  many  of  the  larger  fungi  whose  deter- 
mination is  now  uncertain,  but  which  would  have  been  simple 
enough  to  one  who  had  had  personal  instruction  from  Curtis. 

As  the  greater  part  of  the  more  striking  Lichens  belong  to  the 
Parmelicuiei  and  the  Cladoniei^  the  student  will  find  most  of  the 
forms  which  he  is  likely  to  collect  described  in  this  first  part  of 
the  Synopsis,  and  the  determination  of  them  should  be  by  no 
means  difficult,  especially  as  Prof.  Tuckerman  is  not  given  to  ex- 
cessive splitting  up  of  species.  The  family  of  the  Collemieiy 
however,  must  present  difficulties  even  to  experts.  It  seems  to  us 
on  the  whole  advisable,  in  describing  the  gonidia  {gonimia)  of 
the  genera  of  this  family — entirely  regardless  of  the  fact  whether 
one  is  a  believer  or  disbeliever  in  the  algo-fungal  nature  of 
lichens — to  retain  the  names  given  by  algologists  to  similar  forms, 
as  Nostoc-like,  Glseocapsa-like,  for  such  names  accurately  describe 
the  forms  present  without  necessarily  committing  one  as  to  their 
nature.  It  is  to  be  hoped  that  the  learned  author  will  soon  give 
to  the  public  the  remainder  of  the  Synopsis,  including  the  very 
difficult  Lecidea  and  Verrucaria  groups,  with  which  he  alone  of 
American  botanists  is  able  to  cope.     With  the  appearance  of 


328  Scientific  IntelUycm^e. 

Part  II.  we  shall  of  course  have  the  index  of  species  and  synooyros, 
of  which,  in  using  the  present  part,  we  feel  the  want.  As  no 
temporary  index  is  given,  we  infer  that  the  remainder  of  the  work 
will  soon  follow.  w.  g.  p. 

3.  Botanische  Mikrochemie;  by  V.  A.  Poulsen,  translated  by 
Caul  Muller. — This  little  book  is  to  be  recommended  to  all  per- 
sons in  charge  of  laboratories  where  botanical  work  is  carried  on. 
It  forms  a  small  handy-volume  to  be  kept  on  one's  working  table, 
and  gives  in  a  condensed  form  the  reactions  used  to  distinguish 
vegetable  tissues  under  the  microscope,  with  directions  for  pre- 
paring the  various  reagents,  together  with  information  as  to  the 
best  way  of  mounting  different  botanical  objects.  The  present 
German  translation  was  made  from  the  original  Danish  edition, 
with  the  sanction  of  the  author,  and  although  condensed  in  form, 
it  can  easily  be  read  by  any  one  having  a  slight  acquaintance  with 
German.  We  have  not  yet  heard  of  its  appearance  in  the  Ameri- 
can book  market,  but  it  can  be  ordered  of  the  publisher,  Theodor 
Fischer  of  Cassel,  for  a  couple  of  marks.  w.  g.  p. 

4.  Nature  and  functions  of  the  "  Yellow  Cdls^'^  of  Badiolafi- 
ana  and  Codenterates, — A  paper  under  this  title  was  read  by  Mr. 
Patrick  Geddes  before  the  Koyal  Society  of  Edinburgh  jn  January 
last,  and  an  abstract  of  it  is  given  in  >fature  of  January  26,  from 
which  we  take  the  following  notes.  The  "Yellow  Cells"  referred 
to,  first  so  named  by  Huxley,  occur  abundantly  in  most  Radiola- 
rians.  They  have  a  well-defined  nucleus  and  multiply  rapidly  by 
division.  Hteckel  made  them  probably  secreting  cells,  or  digestive 
glands  in  the  simplest  form.  Cienkowski,  in  1871,  pronounced 
them  parasitic  alga>,  and  showed  that  they  survived  and  multi- 
plied after  the  death  of  the  Kadiolarians.  Similar  cells  were 
later  found  in  Velella,  the  oral  region  of  some  jelly-fishes,  and  in 
Anemones.  The  author  in  1878  collected  and  analyzed  the  gas 
given  out  in  direct  sunlight  by  a  Planarian,  (Jonvolata  Schidtzii^ 
and  found  it  to  be  one-half  oxygen,  and  furtlier  detected  starch  in 
the  green  cells.  At  Naples,  in  October,  1881,  he  confirmed  the 
conclusions  of  Cienkowski  as  to  the  yellow  cells  of  Kadiolarians, 
and  found  starch  invariably  present.  The  same  results  were  ob- 
tained with  Velella,  sea-anemones  and  jelly-fishes.  On  exposure 
to  sunshine,  a  Velella  gave  out  bubbles  of  gas  which  proved  to 
be  about  one  quarter  oxygen,  and  similarly  Ant/iea  cerens  gave 
gas  which  was  :J2  to  38  per  cent  oxygen ;  and  among  other  sea- 
anemones  those  specimens  in  which  tlie  yellow  cells  existed  gave 
a  like  result.  A  white  (^orgonia  contained  the  yellow  cells  and 
afforded  the  usual  results,  while  a  red  variety  of  the  same  species 
failed  of  the  cells  and  of  the  consequences.  From  the  observa- 
tions, Mr.  Geddes  concluded  that  the  coloring  matter,  described 
as  chlorophyl  by  Lankester,  was  derived  from  these  endoder- 
mal  alga>;  also  that  the  alga^  aided  the  animal  in  its  functions 
by  supplying  material  for  digestion  when  the  alga  dies;  byre- 
moving  (carbonic  acid  and  nitrogenous  waste  produced  by  the 
animal,  thus  performing  an  *'  intracellular  renal  function  ;"  and  bv 
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Bopplying  oxygen  directly  to  the  "surrounding  aninfial  protoplasm," 
"  foreign  cblorophyl  thus  performing  the  respiratory  function  of 
native  haemoglobin."  Specimens  of  Anthea  placed  in  the  sunlight 
began  at  once  to  wave  their  arms  as  if  pleasantly  stimulated  by 
the  oxygen  developed  in  the  tissues.  The  fact  of  the  absorption 
of  the  oxygen  was  apparently  proved  by  experiment.  A  green 
alga  ( Ulva)  gave,  in  the  sunlight,  gas  containing  70  per  cent  of 
oxygen;  a  brown  alga  (Haliseria)  45  per  ceMt;  Diatoms,  42  per 
cent ;  while  with  animals  containing  the  alga,  as  above  shown, 
the  amount  of  oxygen  in  the  gas  evolved  is  less  than  this  and  in 
all  the  trials  except  those  with  species  of  Ceriactis,  much  less. 
Mr.  Geddes  named  the  alga  Philozoon^  and  distinguished  four 
species,  P,  radiolarum,  P.  siphouophorum,  jP.  acHnarum^  P. 
medusarum, 

Mr.  Geddes  closes  with  the  observation  that  the  nearest  ana- 
logue to  the  above  described  "  partnership  is  to  be  found  in  the 
vegetable  kingdom,  where,  as  the  researches  of  Schwendener, 
Bomet  and  Stahl  have  shown,  we  have  certain  algae  and  fungi  as- 
sociating themselves  into  the  colonies  we  are  accustomed  to  call 
lichens,  so  that  we  may  not  unfairly  call  our  agricultural  Kadio- 
larians  and  Anemones  animal  lichens." 

6.    Ueber  das  Zuaammeyileben  von    Thieren  und  Algen, — In 
connection  with  the  preceding  account  of  the  paper  of  Mr.  Geddes, 
attention  should  be  called  to  a  paper  by  K.  Brandt,  read  before 
the  "  Gesellschaft  Naturforschender  Freunde"  of  Berlin,  Nov.  15th, 
1881.    In  the  paper  which  bears  the  title  above  mentioned,  Brandt 
^ves  the  results  of  his  investigations  on  the  colored  bodies  in 
Hydra^  Spongilla^  a  fresh-water  Planaria  and  several  Infusoria. 
The  green  bodies  were  obtained  free  by  crushing  the  animals 
mentioned  and  were  examined  under  a  high  power  with  the  fol- 
lowing result.     Each  body  consisted  of  a  colorless  protoplasmic 
mass   in  which   was   imbedded  a  green   bowl-shaped   substance 
which  proved  on  spectroscopic  examination  to  be  true  chlorophyl. 
The  protoplasm  also  showed  a  distinct  nucleus.    Brandt  concludes 
that  the  green  bodies  are  independent  unicellular  organisms  to  be 
classed  with  algae  and  he  describes  the  new  genus  Zoochlorella  ; 
one  species,  Z,  conductrix^  occurring  in  Hydra  and  Z,  parasitica 
in  Spongilla.     He  includes  the  yellow  cells  of  the  Radiolarive^ 
Hydrozoa,  and  Actinci  in  a  new  genus  Zooxanthella.     The  green 
bodies  obtained  free  by  crushing  Hydra  and  Spongilla  did  not 
die  but  continued  to  live  for  weeks  on  slides,  and  when  exposed 
to  the  light  starch   was  formed  in  them.     That  the  species  of 
Zoochlorella  were  not  only  morphologically  but  physiologically 
distinct  was  shown  by  this  fact.     The  green  bodies  of  Spongilla 
when  absorbed  by  chlorophyl -free  Infusoria  were  either  digested 
or  discharged  unchanged,  while  the  green  bodies  obtained  from 
Hydra  were  absorbed  and  remained    unchanged.     Brandt  con- 
cludes as  follows:  "So  long  as  they  are  alive  the  Zooxanthellce 
and  ZoochlorellcB  wholly  support  the  animals  in  which  they  live. 
So  long  as  the  animals  contain  few  or  no  green  or  yellow  cells 
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they  nourish  themselves  like  true  auimals  by  the  absorption  of 
fixed  organic  material ;  as  soon,  however,  as  they  contain  a  suffi- 
cient amount  of  Algae  they  are  nourished  like  true  plants  by  the 
assimilation  of  inorganic  material.  Whenever  in  consequence  of 
a  lack  of  light  the  Algse  cannot  perform  their  proper  function 
they  (the  host-animals)  must  again  nourish  themselves  like 
animals."  w.  g.  f. 

Botanical   Necrology. 

Thomas  Potts  James. — With  sorrow  we  have  to  announce  the 
decease  of  one  of  our  oldest  botanists,  which  has  taken  place  JQSt 
when  the  fruits  of  long  and  laborious  studies  were  nearly  ready 
to  be  gathered.     To  Bryologists   Mr.  James'  intimate  acquaint- 
ance with  mosses  and  his  devotion  to  their  investigation  were  not 
unknown.     But  the  publication  of  the  Manual  of  North  American 
Mosses,  by  the  two  veterans,  Lesquereux   and  James,  for  which 
we  were  waiting,  would  at  once  have   resulted  in  wide  apprecia- 
tion of  devoted  services.     Let  us  hope  that  the  preparation  of  this 
long-desired  volume  is  so  far  advanced  that  his  equally  venerable 
associate  may  soon  complete  and  give  it  to  the  world.     Nine  years 
ago  we  rejoiced  in  having  four  devotees  to  Bryology,  giving  to  this 
department   unusual   strength.     In  the  spring  of  1873,  the  une- 
qualled leader  and  founder  of  the  critical  study  of  mosses  in  this 
country,  Sullivant,  was  taken  away,  the  keen-sighted  Austin  fol- 
lowed in  the  spring  of  1880;  and  now,  the  present  bereavement 
leaves  Leo  Lesquereux  alone. 

Mr.  James  died,  at  his  residence  in  Cambridge,  on  the  22d  of 
February,  1882,  in  the  seventy-ninth  year  of  his  age.  In  his  usual 
health  he  had  attended  the  Ash  vVednesday  morning  service 
and  had  resumed  his  daily  task  with  the  microscope,  on  rising 
from  which  in  the  afternoon,  the  rupture  of  a  blood  vessel  of  the 
brain  brought  on  a  paralysis  of  one  side  and  a  coma,  to  which  he 
succumbed  in  a  few  hours. 

Mr.  James  came  of  a  notable  stock  of  Penn  colonists.  His 
maternal  ancestor,  from  wliom  his  baptismal  name  was  derived, 
was  Thomas  Potts,  of  Colebrook  Dale,  and  his  great  great- 
grandfather, David  James,  immigrated  from  Radnorshire,  in  1682, 
and  settled  at  Radnor,  Pennsylvania,  near  Philadelphia,  where 
the  subject  of  this  notice  was  born,  September  1,  1803.  Circum- 
stances prevented  him  obtaining  a  c«)llegiate  education  at  Prince- 
ton, for  which  he  was  preparing,  and  directed  hini  to  business 
affairs.  He  became  a  wholesale  druggist,  and  carried  on  the  busi- 
ness with  success  in  Philadelphia  for  forty  years,  devoting  the 
while  his  leisure  to  botany,  for  which  he  had  a  fondness  from 
early  youtli.  In  December,  1851,  he  married  Isabella  Bat<;helder, 
of  Cambridge,  Mass.,  a  lady  of  similar  scientific  tastes  and  of 
varied  accomplishments,  who  with  their  four  children  survives; 
and  in  1869  the  family  removed  to  Cambridge,  where  the  remain- 
der of  his  life  was  passed.  In  Philadelphia  he  was  an  active 
member  of  the  leading  scientific  societies,  especially  of  the  old- 
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it  one  iu  the  country,  viz:  the  American  Philosophical  Soci- 
ty  ;  of  the  Horticultural  Society  he  was  for  twenty-five  years  the 
Bfieient  Secretary ;  of  the  American  Pomological  Society  he  was 
ne  of  the  founders  and  for  twenty-seven  years  the  treasurer ;  of 
le  American  Pharmaceutical  Society  he  was  for  many  years  an 
ctive  associate ;  and  after  removing  to  Cambridge  he  was  chosen 
Fellow  of  the  American  Academy  of  Arts  and  Sciences,  and  a 
lember  of  the  Boston  Society  of  Natural  History.  In  Botany, 
fter  having  become  familiar  with  the  pha^nogamous  vegetation  of 
le  neighborhood  of  Philadelphia,  he  had  the  good  sense  to  take 
p  a  specialty,  and  the  perseverance  to  follow  it  up  ;  and  so  he 
eeame  a  proficient  and  an  authority  in  Bryology.  His  first  pub- 
=ihed  paper  upon  Mosses  was  contributed  to  the  Proceedings  of 
le  Philadelphia  Academy  of  Natural  Sciences  in  the  year  1854. 
thei*s  appeared  in  the  Transactions  of  the  American  Philosoph- 
al  Society,  and  in  the  Proceedings  of  the  American  Academy  of 
rts  and  Sciences  (the  latter  in  connexion  with  Mr.  Lesquereux)  ; 
id  to  the  Botany  of  Clarence  King's  Exploration  on  the  Fortieth 
arallel,  he  contributed  the  elaborate  article  on  the  Musci,  in 
hich  several  new  species  were  characterized.  After  these  suc- 
issful  essays,  Mr.  James  was  ready  for  more  systematic  work  in 
is  chosen  field.  The  great  desideratum  was,  and  is,  a  Moss-flora 
'  the  United  States.  Mr.  Sullivant,  having  completed  his  Icotiea 
fxisconan^  was  about  to  turn  his  attention  to  this  greatly  needed 
lanual,  in  conjunction  with  his  associate,  Lesquereux,  when  he 
as  taken  from  us.  His  surviving  associate,  deeply  engaged  in 
3ssil  botany,  turned  to  Mr.  James,  who  was  able  to  give  more 
me  to  this  work ;  and  our  lamented  friend,  at  a  time  of  life 
•hen  most  men  court  repose,  consented  to  joint  authorship,  and 
,8  onerous  tasks,  from  a  simple  regard  to  the  interests  of  his  fa- 
orite  science,  and  in  view  of  the  urgent  needs  of  a  rising  school 
f  botanists  and  amateurs,  to  whom  mosses  were  becoming 
ttractive.  To  this  task  Mr.  James  gave  himself  with  single  and 
intiring  devotion.  Owing  to  the  state  of  his  associate's  eye-sight, 
he  whole  work  of  microscopical  analysis  has  fallen  upon  Mr. 
fames,  has  been  most  laboriously  and  conscientiously  performed, 
ind  liad  been  brought  near  to  a  conclusion  when  the  pen  and 
}encil  dropped  from  his  hand.  Those  who  in  future  use  the  Man- 
aal  of  North  American  Mosses, — which  we  trust  Mr.  Lesquereux 
may  finish  and  bring  out  at  an  early  day, — and  also  the  American 
Bryologists  of  the  coming  generation,  building  upon  the  founda- 
tions thus  laid,  will  have  good  reason  to  honor  the  memory  of 
these  faithful  pioneers  who  have  opened  and  smoothed  the  way  to 
I  fascinating  study.  And  the  memory  of  Mr.  James,  the  kindly, 
limple-hearted,  devout,  gentle  man — admirable  in  every  relation 
)f  bfe — ^18  a  prized  possession  of  a  large  circle  of  acquaintances 
md  friends. 

JossPH  Dbcaisne,  the  most  eminent  botanist  in  France,  the 
iixeeior  of  the  Jardin  des  Plantes  ever  since  the  death  of  Mirbel, 
he  Professor  of  Culture  in  the  Museum  of  Natural   History   at 
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Paris  for  more  than  forty  year8,  died  on  the  8th  of  February,  1882, 
in  the  75th  year  of  his  aeje.     He  was  born  at  Brussels,  March  11, 
"  1809,"  according  to  ^^ritzel's  Thesaurus ;  but  this  must  be  a 
misprint  for  1807.     He  must  have  been  a  very  young  man  when 
first  attached  to  the  Garden  of  Plants,  it  is  said  as  a  gardener. 
For  it  was  there  that  he  begun  the  series  of  his  published  contribu- 
tions to  botanical  science,  in  the  year  1831 ;  and  he  soon  became 
aide  naturaliste  in  that  depaitment  of  the  Museum.      He  was 
elected  into  the  Institute  in  ]  847,  taking  the  place  in  the  Academy 
of  Sciences  vacated  bv  the  deatli  of  Dutrocnet.     In    1842,   after 
the   death  of  (Tiiiliemin,  he  was  associated  with  Adolphe  Hrong- 
niart   in    the   editorship  of  the   botanical   part  of  the  AnnaUs 
dea  Scie^ices  Naturelles,  and  has  been  sole  editor  since  the  death 
of  Brongniart.     In  1858  he  began  the  publication  of    that  great 
work,  £e  ^/ardifi  fruitier  du  Museum^  which  was  only  a  few 
years  ago  brought  to  a   close.     He   had   already  produced   (in 
J  837)  his  capital  memoir  on  the  anatomy  and  physiology  of  the 
Madder  plant  and  the  development  of  its  coloring  matter;  also 
(in    1839),  his   investigation    of  the  organization  of  the  sugar- 
beet  ;   his  well-known  paper  upon    the   Mistletoe ;    his  classical 
memoir   on    the   Lardizahalem ;   his   essay  on    the   classification 
of  Algcf'  and  his  restoration  of  the  Corallines  to  the  vegetable 
kingdom,  not  to  speak  of  other  papei*s  and  separate  publications, 
all  bearing  the  impress  of  his  sincere  and  faithful  workmanship. 
The  same  may  be  said,  somewhat  qualifiedly,  of  his  elaboration 
of  two  orders  for  DeCandolle's  Prodromus,  the  AaclepiadeiJe  and 
the  Plitntaginacw  ;  but  Deoaisnc  worked  slowly  and  with  great 
painstaking,  and  was  probably  unable  to  give  the    requisite  time 
for  such  monograi)hs.     He  appears  to  full  advantage  only  in  sep- 
arate and  leisurely  prosecuted  investigations.     Yet  his  work  on 
the  PoDUiceiP  might  have  been  in  ti*uer   perspective — according 
to  the  general  judgment  of  botanists — if  he  had    not  so  concen- 
trated his  attention  ui)on  this  group  as  to  view  comparatively  small 
diflx^rences  under  exaggerated  proportions.     Hut,   withal  there  is 
much   to   be  said   for  his  decided    opinion   that  the  Apple,  the 
Pear,  and  the  Mountain  Ash  are  of  distinct  genera.     Decaisne  was 
a  capital  draughtsman,  and  to   his   gifts  in  this  regard   we  are 
much  indebted  for  the  Traite  Glnind  de  Boianique^  descriptive 
et  analytlque  which  he  published   in  conjunction   with  LeMaout, 
in  1808,  a  veritable  treasure  to  teacher  and  pupil.     The  older  bot- 
anists will   sadly  feel  the  loss  of  Decaisne,  and  the   Jardin  cfei 
Plants  will  be  much  changed  to  them,  now  that  the  last  represen- 
tative of  the  r4<7*'><e?  of  Adrien  de  Jussieu  and  Brongniart  disap- 
pears in  the  decease  of  this  accomplished  botanist  and  most  amia- 
ble and  excellent  man. 

To  supply  the  omitted  nec^-ology  of  1880  and  1881,  the  follow- 
ing memoranda  are  inserted  : 

CoE  F.  Ai'sTix,  of  Closter,  Xew  Jersey,  died  March  18,  1880, 
at  the  age  of  49.  He  was  a  keen  bryologist,  and  was  preparing  a 
manual  of  North  American  IltpatictJE, 


Botany  am<t  Zoology,  333 

Wm.  Philip  Schimper,  leading  bryologist  as  well  as  a  foremost 
vegetable  paleontologist,  died  March  20,  1 880,  at  the  age  of  72. 
His  rich  and  important  herbarium  of  Mosses  has  been  acquired 
by  the  Herbarium  of  the  Royal  Gardens  at  Kew. 

Nils  J.  Andersson,  the  monographer  of  Salix^  died  at  Stock- 
holm, March  27,  1880,  in  the  00th  year  of  his  age.  He  had  been 
in  retirement  for  several  years  on  account  of  infirm  health. 

General  Wm.  Munro,  the  learned  agrostologist,  to  whom  we 
looked  for  a  Species  Graminum  (which  was  to  be  published  in 
DeCandolle's  Monographiae),  died  at  his  residence  near  Taunton, 
England,  January  29,  1880,  at  the  age  of  64  ;  a  sad  loss. 

Dominique  Alexandre  Godron,  one  of  the  authors  of  the 
Flore  de  JFrance^  died  at  Nancy,  August  16,  1880,  in  the  74th 
year  of  his  age. 

S.  H.  Mead,  one  of  our  older  local  botanists,  of  much  activity 
in  former  years,  died  at  his  home  in  Augusta,  Illinois,  November 
11,  1880,  at  a  good  old  age. 

W,  Lauder  Lindsay,  a  learned  lichenologist,  and  a  writer 
upon  the  botany  of  New  Zealand,  died  in  November,  1880,  at  the 
ige  of  52. 

Ernst  Hampe,  a  veteran  bryologist^  died  at  Helmstedt,  near 
Hlankenburg  in  Hannover,  where  he  had  so  long  resided,  Novem- 
ber 23,  1880,  at  the  age  of  85.  It  has  been  said  of  him  that  when 
ho  began  the  study  of  Mosses,  the  931  species  enumerated  by 
Britlel  were  all  that  were  then  known;  in  1851,  the  number  had 
risen  to  2303,  and  they  were  estimated  at  6000  at  the  time  of  his 
death.  His  herbarium  has  been  acquired  by  the  British  Museum. 
Alphonso  Wood,  the  well-known  author  of  some  very  popular 
botanical  text-books  and  of  one  or  two  botanical  papers,  an  enthu- 
siastic devotee  in  botany,  died  at  his  residence  in  West  Farms, 
New  Vork,  January  4,  1881,  in  the  71st  year  of  his  age.  The 
Bulletin  of  the  Torrey  Club,  of  which  Professor  Wood  was  for 
many  years  a  member,  has  a  good  biographical  notice  of  him, 
vol.  viii,  p.  53-56. 

Gottlieb  Ludwig  Rabenhorst,  a  mycologist  of  note,  who  has 
]mblished  very  extensive  and  valuable  exslccatce  of  cryptoganious 
plants,  died  near  Meissen  in  Saxony,  April  24,  1881,  at  the  age 
of  74. 

Matthias  Jacob  Schleiden,  whose  name  and  position  in  botany 
were  very  prominent  forty  years  ago,  when  his  text-book  on  scien- 
tific botany  appeared,  but  who  had  so  completely  subsided  from 
itcientific  pursuits  that  few  wore  aware  of  his  actual  existence, 
died  at  Frankfort  on  the  Maine,  June  23,  1881,  at  the  age  of  77. 
The  proposition  that  all  vegetable  tissues  are  formed  of  cells, 
which  was  fully  announced  by  Mirbel,  was  made  familiar  by 
??chleiden.     His  countryman,  early  transferred  to  Belgium, 

Theodore  Schwann  extended  the  proposition  to  animal  tissues, 
and  appears  to  have  originated  the  idea  that  animal  and  vegetable 
cells,  as  the  structural  and  physiological  units  of  organic  nature, 
were  identical.     Although   like  Schleiden,  Schwann's  name  had 
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become  one  of  the  past,  it  appears  that  he  actively  fulfilled  the 
functions  of  his  professorship,  first  at  Lonvain  (to  which  he  wa? 
called  in  1839,  in  his  twenty-eighth  year),  and  afterwards  at 
Liege,  quite  down  to  the  close  of  his  life,  early  in  the  present  year, 
Ilis  researches,  published  in  1839,  upon  which  his  scientific  fame 
rests,  appear  to  have  been  essentially  his  last,  as  well  as  his  first 
contribution  to  science.  It  was  a  most  noteworthy  contribution, 
however,  if  it  contained,  as  is  said,  the  announcement  that  animal 
tissues  originate  in  cells,  that  Bacteria  are  the  cause  of  putrefac- 
tion, and  that  alcoholic  and  analogous  fermentations  are  produced 
by  plants.  a.  g. 

6.  The  CeMHUH  Report  on  the  History  and  Present  Conditiou 
of  thr  Fishing  Industries  ;  prepared  under  the  direction  of  Pro- 
fessor S.  F.  Haird,  U.  S.  Commissioner  of  Fish  and  Fisheries,  \v 
C.  Brown  Goodk,  Assist.  Director  U.  S.  Nat.  Mus.  The  Seal- 
Islands  of  Alaska  ;  by  Henry  W.  Elliott.  176  pp.  4 to,  with 
29  plates  and  other  illustrations. — This  volume  treats  of  the  Fur 
Seal  Islands  (the  Pribylov),and  the  seals, with  great  fulness,  from 
all  practical  and  scientific  points  of  view.  Its  plates  illustrate 
the  seal  in  various  attitudes  and  conditions,  singly,  and  in 
indefinite  multitudes  alonij^  the  shores,  and  also  the  walrus,  sea- 
lion,  and  birds  of  the  region ;  and  contains  views  of  the  people, 
and  their  houses,  the  coast  scener}%  and  maps  of  the  sealing 
region.  The  number  of  seal  skins  taken  to  market  from  the  Pn- 
bylov  Islands  (St.  George  and  St.  Paul),  in  1880,  was  100,000. 
These  islands  lie  in  the  Bering  Sea  (not  Be/<ring,  remarks  the 
author),  between  latitu<les  50°  and  57°  and  the  meridians  16H'' 
and  170°,  about  200  miles  west  of  Cape  Newenham.  They  are 
volcanic  in  origin,  but  have  no  active  fires. 

IV.     ASTJiONOMY. 

1.  Micronietrical  Mensnremtnts  of  Aob  Double  Stars,  1879-80; 
Publications  of  the  Cincinnati  Observatory,  No.  6,  University  of 
Cincinnati.  Cincinnati,  1882.  Large  8vo,  pp.  69. — The  sixth 
contribution  to  the  Astronomical  literature  of  double  stars  h 
alike  creditable  to  the  University  of  Cincinnati,  Professor  Stone 
personally,  and  the  i>rinter.  Perhaps  it  would  be  not  an  easy 
matter  to  find  a  better  illustration  of  the  wisdom  in  confining  the 
staff  of  a  moderately  equipped  observatory  to  such  observations 
as  do  not  imply  expensive  or  tedious  reduction,  than  is  given  in 
the  consecutive  publications  of  the  observatory  since  it  resumed 
its  activity  under  Professor  Stone.  The  observations  seem  to  be 
made  with  continuous  carr,  according  to  a  fixed  system,  and  with 
dur  reirard  to  iiersonal  and  svstematic  errors.  The  i*esults  are 
given  in  excellent  sha])e  tor  present  reference  or  for  the  exarania- 
tion  of  them  at  a  future  time  for  errors  too  subtle  to  be  now  suj»- 
pected.  I-  w. 

2.  Xftt/n.'i  of  sfniilJ  Phimts. — Thi*  followin<f  names  have  been 
jjfiven  to  recently  discovered  j)lanets: 

212  Medea,  21  s   Bianca, 

210  Cleo\»atni,  219  Thusnelda. 
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3.  Photvjfraph  of  thu  Upectruin 
of  the  Great  Nebula  in  Orion;  by 
William  Hugginb.  (C'ommuni- 
vated  by  tlie  Author.)— On  Tuesday 
night,  7th  March,  I  obtained  a  pho- 
tograph of  the  spectrum  of  the 
nebula  in  Orion,  with  an  exposure 
of  45  minutes.  The  spectroscope 
and  special  arrangements  attached 
to  the  Cassegrain  telescope  of  18 
inches  aperture  were  the  same  as 

I  were  employed  in  obtaining  the 
pliotograpbic  spectra  of  the  stars. 
\ly  former  researches  showed  that 
in  the  visible  spectrum  of  the  gas- 
eous nebulie  four  bright  lines  can 
be  seen.  The  strongest,  coincident 
with  the  less  refrangible  component 
of  the  brightest  double  line  of  the 
nitrogen  spectrum,  has  a  wave- 
length 5005.  The  next  line  is  at 
A  4957.  Tlie  other  two  lines  coin- 
cide with  Up  (F)  and  H>'  of  the 
hydrogen  spectrum. 
On  the  photographic  plate  these 
four  lines  can  be  seen,  but  in  addi- 
Ition  there  is  a  strong  line  in  the 
ultra-violet  at  the  position  of  A.  3730, 
or  very  nearly  so,  as  the  wide  slit 
does  not  permit  of  quite  the  same 
high  degree  of  accuracy  of  measure- 
ment as  was  possible  in  the  case  of 
the  spectra  of  the  stars. 
It  IS  very  probable  that  this  new 
line  coincides  with  the  line  ^  in  the 
typical  spectrum,  as  shown  by  my 
photographs,  of  the  brightest  white 
stars.  For  the  convenience  of  com- 
parison I  have  placed  this  typical 
spectrum  by  the  side  of  the  spec- 
trum of  the  nebula.  I  could  not  be 
certain  if  any  firitit  lines  are  present 
between  }iy  and  the  now  Hoe  at 
A  3730,  and  also  beyond  this  line. 
I  hope  by  longer  exposures  and 
more  sensitive  plates  to  obtain  in- 
formation on  these  points. 

There    was    a    faint    continuous 
spectnim  on  the  plate,  which  was 
obably   due  to   stellar   light.      The    bright   starw  of  the  Tra- 
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1)eziiiin  were  placed  close  outside  the  slit,  ro  that  the  light  of  the 
)righte8t  part  of  the  spectrum  might  pass  in  to  form  the  spectrum. 
4.  Linear  Associative  Algebra;  by  Benjamin  Peiroe,  with 
notes  and  addenda  by  C.  S.  Peirce,  son  of  the  author. — This 
work,  which  the  distinguished  author  always  regarded  as  his  best 
contribution  to  science,  was  published  in  his  lifetime  only  by  a 
limited  edition  in  lithograph  for  personal  distribution.  Notwith- 
standing its  value  it  has  been  therefore  difficult  for  mathematical 
students  to  have  access  to  it.  Its  reproduction  in  the  American 
Journal  of  Mnthematics  is  a  real  boon  to  science.  h.  a.  n. 

V.      MiSCELLANKOUS    SCIENTIFIC    INTELLIGENCE. 

1.  The  Voyfftfe  of  the  Vega  round  Asia  and  Europe^  with  a 
Historical  review  of  pre t^ioxis  jmtrneys  along  the  N^orth  Coast  of 
the  Old  World;  by  A.  K.  Nordenskiold.  Translated  by  Alex- 
ander Leslie.  756  pp.  8vo,  with  numerous  maps  and  illustra- 
tions and  fine  steel  portraits.  London  and  New  York,  1882. 
(Macmillan  &  Co.,  N.  Y.) — This  large  volume  is  one  of  great 
interest  to  all  readers.  It  is  a  contribution  to  the  subjects  of 
ancient  as  well  as  modern  geography,  ancient  explorations  of  the 
northern  regions  as  well  as  the  most  recent,  old  maps  and  new, 
old  style  of  ship  building  in  the  north  and  the  construction  of  the 
Vega,  the  deep-sea  life  to  some  extent  and  that  of  the  shores  ami 
the  land,  with  reproductions  of  (piaint  old  pictures  of  polar  bears, 
the  walrus  and  othtM-  Arctic  species  and  finished  sketches  illustra- 
ting these  species,  and  also  to  ethnological,  linguistic  and  other 
departments,  besides  giving  an  nccount  of  the  incidents,  sights 
and  discoveries  of  the  voyage.  The  portraits  include  an  excellent 
one  of  Nordenskiold. 

2.  (ruides  for  Science  Teaching,  issued  under  the  auspices  of 
the  Boston  Society  of  Natural  History.  Ginn,  Heath  &  Co., 
Hoston,  Publishers.  \Hl\)  to  1881. — These  small  primers,  of  24  to 
(54  {>ages  each,  are  by  authors  well  versed  in  the  several  subjects 
treated,  and  will  be  found  of  much  value  to  teachers  and  leariiert;. 
The  titles  of  the  seven  before  us  are :  About  Pebbles,  by  Alpueijj 
Hya.1t;  C-oncerning  a  few  Common  Plants,  by  G.  L.  Goodalk; 
C^ommercial  and  other  Sponges,  illustrated  by  several  plates,  by 
A.  Hyatt;  A  First  Lesson  in  Natural  History,  by  Mrs.  Agassiz; 
(^ommon  Hydroids,  Corals  and  Kchinoderms,  by  A.  Hyatt,  illaii- 
trated  by  several  plates;  The  Oyster,  Clam  and  other  Common 
Mollusks,  by  A.  II yah,  well  illustrated  by  plates;  Common  Min- 
erals and  Hocks,  by  \Vm.  O.  Ckosby. 

^,  Pofffssft/m  pennffnganate. — Dr.  J.  H.  DkLaokroa,  after 
careful  exj)eri!nenting,  has  reached  the  conclusion  that  this  salt  is 
an  antidote  to  the  poison  of  the  C/obra ;  and  that  it  acts  through 
the  disengagement  of  oxygen  as  a  consequence  of  its  decomposi- 
tion in  the  system. 

4.  Indr.x  to  the  RejHirts  of  the  t'hief  of  [Engineers  and  the 
officers  (f  the   ('orpR  of  Enfjineers,  Utiited  States  Army,  upun 
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AVorks  and  Surveys  for  Rtver  and  Ilarbor  Improvement^  1866- 
1879. — Compiled  under  the  direction  of  Maj.  Hknry  M.  Robert, 
Corps  of  Engineers,  by  L.  Y.  Schkrmerhorn,  C.E.,  S.  O.  L. 
Potter,  A.M.,  M.D.,  and  others.  624  pp.  8vo.  Washington, 
1881. — The  reports  of  the  Engineer  Department  embrace  so 
wide  a  range  of  facts  and  of  careful  investigations  as  regards  all 
scientific  and  practical  questions  connected  with  rivers,  lakes, 
harbors,  canals,  bridges,  improvements  by  levees,  dikes  and  other 
means,  and  the  materials  and  methods  of  construction,  and  contain 
90  important  contributions  to  the  sciences  of  hydraulics,  dynami- 
cal geology  and  geography,  made  over  the  breadth  of  the  Ameri- 
can Continent,  that  this  Index  volume  is  one  of  great  value  and 
very  general  interest.     Besides  this,  they  are  full  of  local  details 

as  to  surveys  and  improvements  in  all  parts  of  the  country. 

5.  Earthquake  of  March  4,  1881,  in  Ischia. — The  first  immber 
of  "  Humboldt,"  the  new  German  scientific  monthly  published  by 
ICnke  at  Stuttgart,  opens  with  a  paper  by  Dr.  A.  v.  Lasaulx,^'Das 
Erdbeben  von  Casamicciola  auf  Ischia."  The  author  argues  that 
as  the  shock  was  only  slightly  felt  on  the  island  of  Procida  and 
not  at  all  on  the  opposite  mainland,  the  origin  must  have  been  at 
a  less  depth  than  the  sea-bottom  of  the  intervening  strait.  And 
since  the  district  most  violently  affected  is  bounded  by  an  oval 
whose  long  diameter  is  east-west  and  therefore  not  radial  to  the 
volcanic  center  of  the  island,  which  lies  to  the  south,  the  cause 
is  not  to  be  sought  in  the  volcanic  activity  of  this  Mount  Epomeo. 
He  attributes  the  earthquake  to  subsidence  of  deep-lying  strata, 
due  to  hollows  caused  by  removal  of  material  in  solution  by  the 
numerous  hot  springs.  c.  6.  r. 

6.  The  Swiss  Seismological  Commission, — We  gather  from 
Comptes  liendus  (Dec.  '26,  1881)  and  from  Nature  (Jan.  12,  1882) 
some  particulars  in  regard  to  the  work  of  this  Commission  since 
it  began  operations  in  the  fall  of  1879.  Its  members  have  pub- 
lished a  number  of  papers,  which  have  been  recently  presented 
to  the  French  Academy  by  M.  J.  L.  Soret.     Among  these  are: 

1.  Note  on  Earthquakes  and  their  scientific  study,  by  M.  Heim ; 

2.  Note  on  the  Seismometric  Observations  in  Switzerland,  by 
M.  Forster;  3.  Report  on  the  Earthquake  of  Dec.  :^0,  1879,  by 
M.  Forel;  4.  Report  on  the  Earthquakes  from  November,  1879, 
to  December,  1880,  by  M.  Heim;  5.  Note  on  the  same  period,  by 
M.  Forel;  6.  Note  on  the  Earthquakes  of  November,  1881,  by 
M.  Forster.  M.  Heim  writes  in  German,  the  othei*s  in  French, 
and  the  fii*st  paper  is  translated  into  French  by  M.  Forel.  In 
presenting  these  papers  to  the  Academy,  M.  Soret  cited  a  number 
of  interesting  facts  from  which  we  take  only  two.  Some  shocks, 
as  those  of  July  4,  1880,  and  March  3,  1881,  occurred  almost 
simultaneously  throughout  Switzerland  and  Northern  Italy. 
These  and  others  appeared  also  to  have  spared  a  considerable 
part  of  upper  Savoy;  being  felt,  for  example,  with  considerable 
intensity  on  the  north  bank  of  Lake  Geneva,  and  but  slightly  on 
the  southern  shore,  although  this  was  nearer  the  probable  source 
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of  the  disturbance;  as  if  this  district  were,  from  the  tieismic 
point  of  view,  under  conditions  diflTerent  from  those  which  affect 
adjacent  cantons.  The  month  of  November,  1881,  was  also 
marked  by  special  seismic  phenomena.  According  to  a  note  by 
M.  Forel  in  "La  Suisse  Liberale"  of  Dec.  14,  1881,  twenty-nine 
distinct  shocks  of  earthquake  had  occurred  within  the  month, 
and  of  its  thirty  days  there  were  only  thirteen  on  which  an  earth- 
quake did  not  occur  in  some  part  of  Switzerland.  They  were 
traceable  to  tliree  principal  centers ;  the  first,  at  the  commence- 
ment of  the  month,  in  the  Pays  d'Enhaut  and  the  Vaudoise  Alps; 
the  second  in  Eastern  Switzerland  ;  the  third,  at  the  end  of  the 
month,  in  the  lower  Vaiais,  from  Martigny  to  Lake  Geneva. 

c.  G.  R. 

7.  Glacier  scratches  in  the  Catskills. — Dr.  Julien,  in  the  Trans- 
actions of  the  New  York  Academy  of  Sciences,  vol.  i,  no.  2, 
states  that  he  has  found  no  glacial  scratch^  near  the  Clove 
above  2,900  feet,  the  highest  observed  occurring  on  the  '*  High 
Ledge,"  Parker  Mountain,  at  2,874  feet,  and  on  the  southeast 
slope  of  Round  Top,  at  '2,871  feet;  the  direction  of  the  former 
S.  18°  W.,  magnetic;  of  the  latter  S.  35°  E.  He  remarks 
that  the  highest  scratches  observed  in  the  Catskills  occur  on 
Overlook  Mountain,  at  an  elevation. of  about  3,100  feet,  showing 
that  the  ice  surface  was  at  least  3,200  over  this  part  of  the  Cats- 
kill  region.  He  concludes  that  there  were  two  movements  over 
the  region — the  movement  of  the  Continental  glacier  southeast- 
ward, and  that  of  the  Hudson  River  valley,  southward. 

8.  Geological  Survey  of  Great  Britain, — Professor  Archibald 
Geikik  has  been  a[)poined  Director-General  of  the  Geological 
Surveys  of  Great  Britain  and  Ireland  and  Director  of  the  Musemn 
of  Practical  Geology  in  London. 

The  Constants  of  Nature,  Part  V :  A  recapitulation  of  the  Atomic  Weights,  by 
F.  TV.  Clarke,  Prof.  Chem.  and  Phys.  Univ.  Cincinnati.  SmithaoDian  Miscel- 
laneous Contributions,  No.  441.     280  pp.  8vo.     Washington,  1882. 

Fifty  Years  of  Science,  being  the  Address  delivered  at  York  to  the  BritiA 
Association,  August,  1831,  by  Sir  JouN  Lubuock,  President  of  the  Assodatioo. 
90  pp.  8vo.  London,  1882.  (MacMillan  &  Co.) — The  extracts  from  thisaddrea 
in  a  former  volume  of  this  Journal  are  enough  to  create  a  desire  for  this  volnoe 
which  gives  it  entire. 

Obituary. 

Sir  Charles  Wyville  Thomson  died  on  the  12tb  of  March,  at 
the  age  of  fiily-two.  Ife  was  born  at  Bonsyde,  Linlithgowshire, on 
the  5th  of  March,  1830.  His  exploring  expeditions  in  the  Light- 
ning,  Porcupine  and  Challenger,  in  which  the  "depths  of  the 
sea"  in  the  Atlantic  and  around  the  world  were  investigated  with 
remarkable  success  and  multitudes  of  new  discoveries,  have  made 
his  name  familiar  to  the  people  of  all  civilized  lands.  The  publi- 
cations of  his  last  expedition  are  still  in  progress.  After  grad- 
uating at  the  University  of  Edinburgh,  he  was  appointed,  in  1850, 
Lecturer  on  Botany  in  King's  College,  Aberdeen,  and,  in  1870, 
Regius  Professor  of  Natural  History  in  the  University  of  Edin- 
burgh.    His  so  early  departure  is  greatly  to  be  deplored. 
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Art.  XXXV. —  On  Photogtaphs  of  (lie  Spectrum  of  the  Niebula 

in  Orion ;  by  Henry  Draper,  M.D.* 

For  about  eighteen  months  I  have  been  giving  attention  to 
the  Nebula  in  Orion  with  two  objects  in  view,  first  to  asceitain 
whether  any  changes  are  taking  place  in  that  body  by  making 
a  series  of  photographs  to  be  compared  in  the  future  with  a 
similar  series ;  and  second,  to  photograph  the  8X)ectrum  of  the 
Nebula  in  various  parts  so  as  to  see  whether  any  new  lines 
conld  be  found,  and  also  whether  the  composition  is  uniform 
throughout 

As  to  the  first  of  these  objects  I  have  recently  succeeded  in 
taking  a  very  fine  and  extensive  photograph  of  the  Nebula 
containing  most  of  the  delicate  outlying  parts  which  were  not 
in  my  eanier  photographs.  This  is  in  the  hands  of  the  photo- 
lithographer  now  and  will  shortly  be  published.  The  experi- 
ments have  been  very  difficult  because  an  exposure  of  more 
than  two  hours  in  the  telescope  has  been  necessary,  and  an 
exceedingly  minute  motion  of  the  stars  relative  to  the  sensi- 
tive plate  will  become  apparent  on  account  of  the  high  magni- 
fying power  (180),  employed. 

In  carrying  out  the  second  object  two  contrivances  have 
been  used ;  first,  a  direct  vision  prism  in  the  cone  of  rays  from 
the  objective  beJFore  they  had  reached  a  focus,  and  second  the* 
two-prism  spectroscope  with  which  T  have  \x\\LQn  photographs 
of  stellar  spectra  for  some  years  past 

•Read  before  the  National  Aeadcmy  of  Sciences,  April,  1882,  at  Washington. 

Am.  Jouk.  Sol— Thikd  Sbuies,  Vol.  XXIIT,  No.  137.— Mat,  1882. 
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During  the  month  of  March  I  have  made  two  good  photo- 
graphs with  each  of  these  arrangements.  Those  with  the 
direct  vision  prism,  without  a  slit,  have  of  course  demanded 
that  the  image  should  be  kept  stationary  on  the  sensitive  plate 
throughout  the  exposure,  viz.,  two  hours,  and  they  are  as  diffi- 
cult to  get  as  gooa  photographs  of  the  nebula  itself.  On  the 
contrary,  those  obtained  with  the  slit  spectroscope  do  not  re- 
quire the  same  steadfast  attention. 

The  results  derived  from  these  photographs  arc  interesting 
partly  from  what  they  show  and  partly  from  what  they  promise 
in  the  future.  A  number  of  photographs,  under  various  con- 
ditions, will  be  needed  for  the  full  elucidation  of  the  sabjeci. 

The  most  striking  feature  is  perhaps  the  discovery  of  two 
condensed  portions  of  the  nebula  just  preceding  the  trapezium, 
which  give  a  continuous  spectrum.  At  those  places  there  is 
either  gas  under  great  pressure  or  liquid  or  solia,  I  have  not 
been  able  to  detect  any  stars  of  sufficient  magnitude  in  these 
portions  to  produce  this  effect  either  in  my  photographs  of  the 
nebula  or  in  any  of  the  well  known  drawings  of  this  object 
It  seems  to  me  also  that  the  photographs  show  evidence  of  con- 
tinuous spectrum  in  other  parts  of  the  nebula.  In  these 
respects  tne  conclusions  arrived  at  by  Lord  Rosse  in  his 
memoir  (Phil.  Trana  Royal  Society,  June  20,  1867,  page  70), 
are  to  a  certain  extent  borne  out. 

The  hvdrogen  line  near  G,  wave-length  4340,  is  strong  and 
sharply  clefined  ;  that  at  A,  wave-length  4101,  is  more  delicate, 
and  there  are  faint  traces  of  other  lines  in  the  violet  Among 
these  lines  there  is  one  point  of  difference,  especially  well 
shown  in  a  photograph  where  the  slit  was  placed  in  a  north 
and  south  direction  across  the  trapezium ;  the  H;*  line,  X  4840, 
is  of  the  same  length  as  the  slit  and  where  it  intersects  the 
spectrum  of  the  trapezium  stars  a  duplication  of  effect  is  visi- 
ble. If  this  is  not  due  to  flickering  motion  in  the  atmosphere 
it  would  indicate  that  hydrogen  gas  was  present  even  between 
the  eye  and  the  trapezium.  I  think  the  same  is  true  of  the 
H5  line,  X  4101.  But  in  the  case  of  two  other  faint  lines  in 
this  vicinity  I  think  the  lines  are  not  of  the  length  of  the  slit, 
one  being  quite  short  and  the  other  discontinuous.  If  this 
observation  should  be  confirmed  by  future  photographs  of 
greater  strength  it  might  point  to  a  non-homogene«)us  constitu- 
tion of  the  nebula  though  differences  of  intrinsic  brightness 
wonkl  require  to  be  eliminated. 

The  April  number  of  the  American  Journal  of  Science  con- 
tains an  account  of  a  photograph  of  the  spectrum  of  this  neb- 
ula taken  by  Dr.  Huggins.  I  have  not  found  the  line  at 
>l  3730,  of  which  he  speaks,  though  I  have  other  lines  which 
he  does  not  appear  to  have  photographed.     This  may  be  due 
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to  the  fact  that  he  had   placed  his  slit  on  a  different  region  of 
the  nebula  or  to  his  employment  of  a  reflector  and  Iceland  spar 

Srism,  or   to    the   use   of  a    different    sensitive    preparation, 
fevertheless,   my  reference    spectrum    extends    beyond    the 
r^on  in  question. 

As  illustrating  the  delicacy  of  working  required  in  this  re- 
search it  may  be  mentioned  that  in  one  of  these  photographs 
the  spectrum  of  a  star  of  the  tenth  magnitude  is  easily  dis- 
cernea.  It  is  only  a  short  time  since  it  was  considered  a  feat 
to  get  the  image  of  a  ninth  magnitude  star,  and  now  the  light 
of  a  star  of  one  magnitude  less  may  be  photographed  even 
when  disperse<l  into  a  spectrum. 

271  Madison  avenue,  New  York. 


Art.  XXXVL — Mean  Annual  Bain-fall  for  different  (Countries  of 
the  Olobe;  by  Dr.  Alexander  Woeikof  of  St  Petersburg, 
Russia. 

Professor  E.  Loomis  having  published  in  this  Journal  a 
paper  on  the  rain-fall  of  the  world  (Contributions  to  Meteor- 
ology, paper  xvi),  inviting  meteorologists  to  give  supplementary 
information  on  this  subject,  I  readily  accept  this  invitation, 
having  myself  given  much  attention  to  the  subject.  T  must 
remark  first  on  the  exceeding  inaccuracy  of  the  geographical 
delineations  used  on  the  map,  (mountains,  lakes,  rivers,  etc.,) 
an  inaccuracy  which,  however,  certainly  did  not  mislead  Pro- 
fessor Loomis,  when  he  was  drawing  his  lines  of  equal  rain- 
fall for  countries  where  observations  are  wanting,  and  where 
the  geographical  configuration  and  notices  of  travelers  are  the 
only  objects  which  give  a  basis  to  the  hypotheses.  I  will  give 
only  examples  in  relation  to  Africa  and  Asia.  On  the  first 
continent  not  only  are  none  of  the  equatorial  lakes  given,  but 
even  no  mountains  in  Abyssinia,  while  we  find  "  Donga  Moun- 
tains," between  4**-6°  N.  and  20°-30°  E.,  which  have  no  exis- 
tence.  In  Asia  the  Stanovoi  watershed  between  the  systems 
of  the  Lena  and  Amur  is  given  as  if  it  was  a  high  mountain 
chain ;  the  same  is  to  be  said  of  the  slope  of  the  Mongolian 

Elateau  north  of  Pekin,  while  between  25°-40°  N.  and  96°-110° 
!.,  DO  mountains  are  shown,  while  this  region  comprises  West 
China,  Kukunor  and  Eastern  Thibet,  and  has  some  of  the 
highest  chains  of  Asia. 

I  oome  now  to  Professor  Loomis's  work  in  Europe.  The 
shades  are  mostly  right,  except — 

1.  Sicily,  which  has,  in  its  greatest  part  less  than  25^'. 

2.  Portugal,  where  the  autnor  cites  the  old  and  erroneous 
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figures  for  Coimbra,  while  Professor  Hann  has  some  years 
ago  proved,  by  the  results  of  the  new  observations,  that  it  has 
a  rain-fall  not  much  above  that  of  Lisbon. 

8.  Scandinavia,  where  the  fall  above  50'^  is  restricted  to  a 
few  exceptional  places,  near  high  mountains  of  West  Norway, 
like  Bergen  and  Floroe.  Even  Christiansund  has  much  less. 
Eastern  Norway  and  the  interior  valleys  (Christiania,  Dovre) 
have  less  than  25". 

In  what  concerns  European  Bussia,  the  shading  is  perfectly 
right,  as  I  have  found  by  a  new  and  more  extensive  colleetioD 
of  data.  The  frontier  of  the  fall  of  more  and  less  than  10"  is 
also  in  the  main  right,  except  in  the  vicinity  of  Orenbuig, 
where  it  should  be  drawn  somewhat  more  to  the  south. 

In  Asia,  north  of  the  Tropics,  there  is  more  to  change.  Thus 
the  zone  of  less  than  10"  in  the  Arabo-Caspian  steppes  and 
vicinity  is  too  large  in  Professor  Loomis's  map.  It  does  not 
stretch  so  far  to  the  north  and  northeast,  and  certainly  does 
not  reach  to  the  foot  of  the  Altai,  where  the  rains  of  summer 
and  the  snows  of  winter  are  rather  abundant.  On  the  east 
coast  of  the  Caspian,  Krasnovodsk  (40*^  N.)  has  also  more 
than  10". 

There  is  a  great  rain-fall  on  the  south  shore  of  the  Caspian, 
as  well  as  on  the  south  part  of  the  western  shore ;  on  the  latter 
Professor  Loomis  has  the  station  of  Lenkoran  51*7". 

The  country  about  Lake  Balkash  and  the  upper  Irtysh  is 
very  dry,  it  being  really  a  continuation  of  the  Arabo-Caspian 
steppes,  there  being  a  broad  gap  in  the  mountains.  The  dry 
region  in  Mongolia  and  Eastern  Turkestan  must  be  extended 
westward  so  as  to  include  Yarkand  and  Kashgar;  on  the  north, 
on  the  contrary,  it  does  not  extend  as  far  as  shown  by  Professor 
Loomis,  Kiakta  and  Ourga  having  more  than  10".  The  good 
pasture  and  forest  in  this  region  prove  that  the  two  latter  sta- 
tions are  not  exceptional.  I  should  rather  include  most  of  the 
basin  of  the  Yang-tze  and  eastern  IndoChina  in  the  r^on 
having  more  than  50",  though  I  have  no  observations  to  prove 
my  case.  But  the  known  humidity  of  the  region,  the  luxuri- 
ous vegetation,  the  immense  floods  of  the  rivers*  corroborate 
my  opinion.  Eastern  Java  seems  to  have  less  than  76'^  as  is 
seen  by  the  h\  years  of  Surabaya  and  2  years,  1879-80.  It 
would  be  safe  to  give  50"-75"  to  the  islands  east  of  Java  so  far 
as  Sumbawa,  and  a  shade  less  to  Flores  and  Timor,  while 
Banca,  Billiton  and  the  Moluccas  and  Southern  Philippines 
have  probably  over  75". 

As  to  British  India,  Professor  Loomis  has  made  a  good  use 
of  the  numerous  observations  there. 

*  See  K.  li.  Oxenliuin.  Inundations  of  the  Yung-tze-Kiang,  in  Jour.  Ro?.  (Jeo(fr. 
Soc,  1875,  p.  170. 
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In  Western  Asia  the  region  of  10"-25"  is  probably  in  closer 
proximity  to  mountains  than  shown  in  Professor  Loomis's  map, 
extending  far  to  Shiras  along  the  mountains  of  southern  Persia, 
and  not  so  far  to  the  south  in  southeast  Syria  and  Mesopotamia. 
In  Arabia  a  closer  approximation  of  the  rainy  regions  to  the 
mountains  is  also  what  must  be  the  case. 

As  to  Africa,  Professor  Loomis  has  made  good  use  of  the  obser- 
nations  and  general  information  of  travelere,  with  the  exception 
of  Abyssinia,  which  has  certainly  more  rain  than  indicated  by 
him.  That  North  America  north  of  the  Tropic  is  accurately 
represented  by  Professor  Loomis  is  easily  understood.  I  would 
only  ask,  is  it  not  probable  that  Northern  Canada  from  about 
50®  N.  lat  is  less  rainy  than  supposed  by  Professor  Loomis,  so 
that  the  more  abundant  rain  of  the  coast  of  Labrador  would 
be  caused  by  its  position  relatively  to  the  sea  and  mountains? 

As  to  Central  America,  the  dark  shade  given  to  Yucatan  is 
rather  doubtful.  The  short  period  of  rain,  the  absence  of 
mountains  and  the  rather  scanty  vegetation,  at  least  of  Northern 
and  Western  Yucatan  would  rather  point  to  less  rain,  though 
the  porous  nature  of  the  limestone  absorbs  much  water.  So 
far  as  I  could  see  and  learn,  Tehuantepec  and  Northern  Yucatan 
must  have  about  the  same  quantity  of  rain. 

As  to  the  Pacific  coast,  from  about  Tonala  to  Panama  it 
must  have  above  50".  A  few  observations  made  in  Nicaragua 
give  a  large  amount  of  rain,  and  Nicaragua  is  certainly  less 
rainy  than  the  coast  of  Soconusco  about  Tapachula  and  Guate- 
mala. The  city  of  Guatemala  has  a  little  less  than  50'^,  but 
the  plateau  on  which  it  is  situated  is  generally  dryer. 

Tropical  South  America,  at  least  its  interior,  is  the  part  of 
Professor  Loomis's  map  which  is  least  accurate.  I  am  at  a  loss 
to  know  on  what  account  the  Amazonian  country  is  supposed 
to  have  less  rain  than  the  dry  "  llanos"  of  Venezuela  to  the 
north  of  it.  I  consider  it  probable,  that  from  the  north  coast 
to  15°  S.  lat,  the  only  parts  east  of  the  Andes,  where  there 
is  less  than  50''  rain,  are  the  llanos  of  Venezuela  and  perhaps 
part  of  the  Magdalena  basin.  On  or  near  the  Amazon,  we 
have  Para,  Mauaos  and  Iquitos,  which  give  more  than  50". 
The  latter  is  especially  interesting.  The  distance  from  the 
Andes  is  more  than  200  miles,  from  the  Atlantic  more  than 
1000,  the  country  perfectly  level,  and  yet  there  are  11 1*8"  rain. 
Generally  it  is  mentioned  by  travelers,  that  to  the  south  of  the 
Amazon  the  rains  are  less  heaw,  and  yet  San  Antonio  on 
the  Madeira  has  91-8". 

Ab  to  the  west  coast,  the  region  of  more  than  75"  extends 
certainly  to  the  equator,  the  provinces  of  Esmeraldas  and 
Chooo  being  described  as  exceedingly  rainy.  Farther  to  the 
south  I  would  object  to  giving  to  Chiloe  and  the  adjacent  coast 
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less  rain  than  to  Concepoion  and  Yaldivia.  Professor  Loomis 
probably  made  use  of  the  observations  at  Ancud,  Cbiloe,  and 
seeing  that  this  place  had  less  rain  than  Yaldivia  and  Puerto 
Montt,  took  it  as  generally  admissible  for  the  latitudes  above 
41°  S.  on  the  west  coast.  But  Ancud  is  protected  by  a  rocky 
promontory  on  the  west,  that  is,  the  wind  and  rain  side,  while 
the  other  two  stations  are  open  to  the  west. 

In  theLaPlata  States  the  interior  is  very  dry,  only  the  eastern 
slopes  of  the  mountains  and  their  vicinity  have  more  rain.  Now 
all  the  interior  stations  from  which  we  have  rain  observations, 
are  so  situated,  and  all  except  Mendoza  give  much  more  rain 
than  would  be  the  avemge  of  more  evenly  distributed  stationa 
We  know  that  westwai'd  from  the  stations  of  Cordoba,  Tucu- 
man,  Salta  are  the  States  of  Catamarca,  Jujuy,  San  Luis,  which 
are  so  dry  that  even  good  pasturage  is  scarce.  It  would  thus 
be  safe  to  extend  the  region  with  less  than  10"  much  to  the 
eastward,  and  that  of  10"-26"  also. 

As  to  Australia,  the  region  of  25"-60''  in  the  north  of  the 
Continent  probably  extends  along  the  coast  somewhat  to  the 
southwest  from  the  position  given  it  by  Professor  Loomis.  As 
to  that  of  less  than  10"  there  is  no  reason  why  we  should  admit 
that  it  is  so  very  restricted  in  the  interior  as  in  Professor 
Loomis'  map.  We  have  no  observations  from  an  extensive 
district,  but  what  we  know  of  the  dryness  of  the  interior  allows 
us  to  make  this  very  probable  supposition. 

On  the  whole.  Professor  Loomis's  work  is  certainly  a  good 
one,  but  on  account  of  what  I  have  mentioned  above,  a  revised 
edition  of  the  map  is  yet  desirable. 

I  would  besicies  draw  attention  to  some  j>erplexing  and 
erroneous  designations  of  the  countries  and  regions  in  which 
are  situated  some  of  the  stations  mentioned  bv  Professor 
Ijoomis.  I  give  here  some  of  them,  with  the  corresponding  num- 
bers of  Professor  Loomis's  table. 

254  Bagusa,  European  Turkey.  Is  situated  in  the  Austriau 
province  of  Dalmatia. 

868  Ajansk,  Russia.  As  other  places  in  Siberia  are  cited  as 
such,  it  would  be  better  to  mention  Ajan,  the  exact  name,  as 
being  in  Piastern  Siberia.  The  same  applies  to  524  NertschinA^ 
r)22  Irkuzk;  646  Kjachta,  510  Eiilssei^k;  while  512  Tobolsk,  516 
Toni^sk,  517  Tschim,  519  Omsk:  520  Tsalair  {Sahnr),  648  fkirnaouJ, 
644  Akmolirusk  are  situated  in  Western  Siberia 

521    N^ikolaiewsk^  525  Blagoivestcheuck,  526  Chabaruioka,  528 
Vladivostok  are  placed  by  Professor  Loomis  in   China,  while 
they  are  in  Eastern  Siberia  (in  the  Amur  and  Littoral  prov- 
inces). 

The  appellation  Tartary  applied  to  529  Tashke^ti^  and  647 
Trgis  is  wanting  in  precision.     If  it  is  meant  for  the  Kirghiz 
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pes,  Russian  Central  Asia  and  the  Khanates  of  Khiva  and 
:hara,  then  the  following  stations  should  also  be  included 
It:  649  Rdimsk,  650  Fort  K  1,  652  Novo  Petrovak,  653 
ust  Mektiss,  654  Petro- Alexandrovsh 

give  below  some  data  about  rain-fall,  especially  in  relation 
ountries  which,  in  my  opinion,  are  not  correctly  represented 
^rofessor  Loom  is  s  map. 


1^ 


Eastern 
Java. 


f-  S.  E.  Siberia 


Nftmesof  Places. 

k08,  Brazil 
>8,  Peru 

tonio,  MadeirafBrazil 

Eimbuco,  Brazil 

Miya, 

Brcean, 

olingo, 

jki, 

dondo, 

Bwang. 

°|°^    [Moluccas 

.,  N.  Mongolia 

aul,  ] 

olinsk,        !    S.  W. 
polatinsk,   f  Siberia 
r  (Altai),    J 
ikavkas,  N.  Caucasus 
■opol 

E.co*t 

Lim-Kale, 
ovsky-Possad 
•rossissa, 
jtopol,  Crimea 
liania,  )  g 
5sund,  )    ' 
tiansund.    )  W. 
mod,  \  co't 

lia  (E.). 
•use  (E.), 
tno  (N.), 
ca  (S.  W.), 
lo,  Portugal 
bra,  Portugal 
bon.  Portugal 


Sea. 

Trans 

Oaa* 

casta 


es 

u 
O 

SZ5 


Sicily 


Lat.» 

Long.* 

-3-  8' 

-60'' 

-3  44 

-73"  8' 

-9  5 

-64 

-8  4 

-34  62 

-7  13 

112  48 

-7  38 

112  56 

-7  44 

113  13 

-7  43 

113  41 

-7  41 

114  2 

-813 

114  23 

-3  42 

128  10 

-4  32 

129  53 

47  55 

103  50 

50  21 

106  25 

52  17 

104  22 

53  20 

83  67 

61  12 

77  23 

50  24 

80  13 

54  15 

86  47 

43  0 

45  3 

45  5 

41  63 

42  10 

41  40 

42  58 

40  53 

43  34 

39  42 

44  43 

37  46 

44  36 

33  32 

59  55 

10  43 

59  5 

10  28 

63  7 

7  45 

62  29 

6  9 

37  24 

15  3 

37  4 

15  17 

38  7 

13  19 

37  30 

13  5 

41  9 

-8  36 

40  13 

-8  25 

38  43 

-9  10 

Ht. 

met'rs 


37 
95 


•4 
10 

2 
80 

6 
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No.  ofl 
Years 


1 
1 
1 

4 

H 

2 
2 
2 
2 
2 
2 
2 
6 
4 
6 
41 

«i 
5 

4 

.8 

13 

10 

3i 
9 

4 
14 

7 

7 

7 

7 
12 
10 
61 
10 
10 

6 
20 


Rain. 
Inch's. 


55-2t 
111-8 
91-3 
108-4 
71-7 
631 
67-33 
67-76 
67-06 
68*83 
190-60 
135-77 
1013 
1009 
17-38 
9-50 
9-53 
8-39 
130 
3404 
27-74 
65*92 
50-51 
80-81 
3002 
15*37 
2118 
23*01 
33-18 
45-53 
1805 
18-27 
23*27 
22*26 
56-34 
34*0 
28-80 


Authority. 


j-  Zeitschr.  v.  8,  p.  267 

Zeitflchr.,  v.  15,  p.  492 
Zeitschr.,  v.  14,  p.  216 
Zeitschr.,  v.  8,  p.  66 


Bergsma 
Z.  1879  and  1880 


'Met  Annalen 


Zeitschr.  v.  4,  p.  608 


I  Fischer, 

I  Klima  der  Mittel- 
meerlander 
Gotha,  1879 


Tie  sign  —  stands  for  lat.  S.  and  long.  W. 

•he  observations  were  continued  only  ten  months  and  gave  49-9'',  the  two 

ning,  July  and  August  are  interpolated. 
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Art.  XXXVIl. — Notts  on  Physiological  Optics ;  No.  IV;  by 

W.  LeConte  Stevens. 

1.  Ox  Voluntary  Control  of  Focal  Accommodation. 

In  my  last  paper  the  visual  eflect  of  associated  musoolar 
action  of  the  two  eyes  was  discussed,  the  investigation  having 
led  to  the  discovery  of  a  new  mode  of  stereoscopy.  Experi- 
ments have  also  been  made  on  the  effect  of  muscafar  action  in 
a  single  eye. 

If  the  axial  adjustment  and  visual  angle  be  kept  as  nearly  as 
possible  unchanged  while  the  gaze  is  directed  upon  a  luminous 
surface,  such  as  the  globe  of  a  gas  lamp,  it  is  very  easy  to 
throw  the  crystalline  lens  of  each  eye  out  of  focus,  accommo- 
dating for  a  nearer  point,  so  that  the  object  appears  blurred  in 
consequence  of  the  production  of  diffusion  circles  on  the  reti- 
nas.    I  find  it  possible  in  this  way  to  exercise  extreme  contrac- 
tion of  the  ciliary  muscle  at  will.     It  is  impossible  to  avoid 
slight  associated  contraction  of  the  internal  rectus  muscles,  but 
this  may  be  controlled  to  such  an  extent  that  the  only  effect 
noticeable  is  unsteadiness  of  one  eye,  While  the  other  is  directed 
to  some  previously  clearly  defined  object.     The  effect  is  first 
an  encroachment  of  diffusion  circles  upon  the  surrounding  reti- 
nal area  as  well  as  upon  the  image  itself,  producing  dimness  of 
vision  and  hence  apparent  enlargement  of  the  object  which  is 
necessarily  ill-definea.     But  as  the  ciliary  contraction  increases, 
the  object  apparently  diminishes  in  size  to  a  marked  extent,  some- 
times almost  to  half  its  previous  area,  while  the  halo  due  to  diffu- 
sion circles  does  not  widen,  but  on  the  contrary  grows  narrower. 
This  is  due  to  the  contraction  of  the  pupil,  the  effect  being  that 
of  using  a  new  stop  in  front  of  the  lens,  as  it  thickens  and  ac- 
quires more  "depth  of  focus,"  while  its  theoretic  focal   length 
is  less.     The  pupillary  contraction  can  be  noted  by  an  assistant 
and  approximate  measures  be  made  of  the  change  in  diameter 
of  the  opening.     This  pupillary  change  very  quickly  follows 
the  contraction  of  the  ciliary  muscle.     The  area^f  my  pupi) 
has  thus  been  repeatedly  diminished,  within  two  seconos  0/ 
time,  from  12  sq.  mm.  to  1'2  sq.  mm.     The  estimated  distance 
of  the  object  is  very  uncertain.     It  may  be  judged  nearer  be- 
cause of  the  sense  of  muscular  contraction,  or  more  remote, 
because  of  the  dimness  due  to  imperfect  focalization.    The 
only  perfectly  clear  perception  therefore,  is  that  of  marked  de- 
decrease  in  area,   far  greater   than   can   be  referred   to  mere 
encoachment  of  diffusion  circles.     The  distance  between  retina 
and  lens  remains  sensibly  constant,  hence  the  perception  is  an 
illusion  duo  mainly  to  abnormal  muscular  conditions. 
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nee  in  normal  vision  the  contractions  of  the  ciliary  and  in- 
il  rectus  muscles  are  associated,  the  considerations  just 
essed  show  why  so  acute  an  observer  as  Wheatstone 
Id  have  noticed  the  apparent  decrease  in  size  of  the  binoc- 
image  when  strong  convergence  of  visual  lines  was  induced 
ulling  forward  the  arms  of  his  reflecting  stereoscope,*  but 
i  to  note  the  corresponding  variation  in  apparent  distance, 
gh  he  observes  that  the  image  seems  changed  in  position, 
loes  not  say  whether  the  change  is  that  of  increase  or  de- 
je  in  distance. 


Sffect  of  Muscitlar  Effort  on  Retixal  Sensitivkness. 

le  estimation  of  size  and  distance,  when  there  is  strong, 
3alar  effort,  depends  in  some  measure  upon  the  part  of  the 
a  on  which  the  image  is  formed,  variations  being  more 
^able  when  the  central  part  is  impressed.  In  a  former 
rf- 1  briefly  noted  the  following  experiment  with  Wheat- 
3's  stereascope.  Let  A  and  A'  (fig.  1),  be  a  pair  of  conju- 
pictures  adjusted  so  that  the  reflected  rays,  mt  and  m'i\ 
^nsibly  parallel.  If  the  visual  lines  of  the  eyes  receiving 
B  rays  coincide  with  them,  the  image  appears  in  front,  com- 
d  in  full  relief,  with  apparent  diameter  and  distance  slightly 
nified,  the  contraction  of  the  internal  rectus  muscles  being 
than  normal.  Let  the  visual  lines  now  be  forcibly  crossed, 
retinal  images,  i  and  i',  are  no  longer  upon  corresponding 


1. 


2. 


-A- 


lal  points:  the  external  projections  of  them  hence  appear 
rate  and  without  relief.  For  the  subjective  binocular  eye 
2).  the  two  visual  lines  are  combined  into  the  median  line 
By  indirect  vision,  the  image  of  A  appears  on  the  right  of 
nedian,  and  that  of  A'  on  the  left,  each  diminished  in  size  on 
unt  of  the  disturbance  of  ordinary  retinal  sensation  by  strong 
cular  contraction.     This  apparent  diminution  is  greater  than 

'hilosophical  Nfaga/iue,  1852,  p.  508.       f  This  Joiinuil,  Dec.  1881,  p.  450. 
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can  be  explained  by  encroachment  of  diffusion  circles  at  the 
edge  of  the  retinal  image,  or  on  the  supposition  that  the  antero- 
posterior diameter  of  the  eyeball  has  been  slightly  diminished 
Dy  pressure  on  opposite  sides  of  its  elastic  sclerotic  coat.  For 
reasons  already  given,  the  apparent  distance  is  not  very  deter- 
minate. Without  changing  the  convergence,  let  the  eyes  be 
rolled  to  the  left  until  A'  is  seen  with  the  left  eye  in  the  direc- 
tion of  its  visual  lines.  The  image  of  A,  seen  still  more  ob- 
liquely, now  appears  slightly  larger  and  dimmer,  while  A'  is 
stnl  smaller.  The  apparent  variation  in  size  is  thus  independ- 
ent of  binocular  commnation. 

3. 


In  such  experiments  one  great  advantage  attained  by  using 
Wheatstone's  stereoscope  is,  that  by  keeping  the  plane  of  each 
picture  perpendicular  to  the  arm  that  carries  it,  any  distortion 
of  perspective  that  might  be  due  to  changing  the  diiection  of 
the  visual  lines  is  reduced  to  a  minimum.  Making  allowance 
for  such  disturbance,  the  visual  effects  just  described  may  be 
obtained  by  means  of  fig.  3.  A  pair  of  circles,  2**"  or  3^  in 
diameter  are  drawn  8*^  or  10"^  apart,  their  centers,  A  and  A', 
being  similarly  marked.  Below  A'  is  another  circle  A",  equal 
in  size.  By  cross-vision  the  images  of  A  and  A'  are  combined, 
forming  a  diminished  ellipse,  each  circle  being  seen  obliquely: 
the  minor  axis  is  parallel  to  the  interocular  line.  The  monoc- 
ular images  on  the  two  sides  are  sensibly  circular,  and  larger 
than  the  central  image,  but  smaller  than  either  given  circle  as 
seen  bv  normal  vision.  Even  though  distinct  vision  be  attained 
under  these  conditions,  the  ciliary  muscles  are  in  a  state  of 
strong  involuntary  contraction.  On  closing  one  eye,  these 
muscles  become  relaxed,  while  the  direction  of  the  visual  line 
for  the  eye  remaining  open  is  easily  kept  unchanged.  The 
elliptic  image  then  apparently  recedes,  and  in  doing  so  it  grows 
larger :  but  an  interval  of  one  or  two  seconds  may  elapse  be- 
fore normal  uioiuxnilar  vision  is  i^estored.     This  process  can  be 
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reversed  and  made  as  gradual  as  is  desired  by  slowly  increas- 
ing the  convergence  of  visual  lines  and  carrying  it  beyond  the 
point  necessary  for  mere  binocular  combination.  If  the  pair 
of  circles  JQSt  mentioned  be  employed,  as  soon  as  double  vision 
is  produced,  the  two  interior  images  are  perceived  to  be  smaller 
than  the  others.  They  continue  to  grow  smaller  and  appar- 
ently nearer  to  the  observer  until  they  coincide  in  the  middle, 
and  the  diminution  continues  after  they  have  been  made  to 
pass  each  other.  In  fig.  3,  these  phenomena  may  be  noticed  if 
the  reader  will  combine  the  images  by  cross  vision,  placing  the 
face  as  near  as  possible  to  the  page.  The  angle  of  convergence 
should  be  at  least  60^.  The  elliptic  monocular  image  of  A''  is 
perceived  as  suspended  in  mid-air.  Its  apparent  position  is  not 
quite  so  nearly  determinate  as  that  of  the  binocular  image 
above  it,  but  it  appears  about  as  sniall  and  near.  The  left  eye 
image,  seen  by  indirect  vision,  has  a  much  greater  appar- 
ent area  than  the  right- eye  image  seen  by  direct  vision. 

In  connection  with  the  phenomena  of  optic  divergence, 
this  series  of  experiments  proves  that  not  only  is  converg- 
gence  of  visual  lines  not  necessary  for  binocular  vision 
and  for  the  localization  of  objects  iu  the  field  of  view,  but  bi- 
nocular vision  itself  is  not  necessary  for  the  production  of  change 
in  such  localizatioiv  The  mental  impression  received  from  the 
binocular  image  is  clearer  and  the  resulting  judgment  is  much 
more  definite,  but  no  geometric  method  of  determining  the  place 
of  the  external  image  is  capable  of  covering  the  facts. 

The  experiments  described  indicate  a  closer  connection  be- 
tween the  nerves  of  the  ciliary  muscle  and  those  of  the  retina 
than  has  been  commonly  supposed.  Through  the  sympathetic 
system  of  nerves  the  mere  action  of  light  on  the  retina  excites 
reflex  muscular  contraction  of  the  iris.  Without  the  agency  of 
light,  this  may  be  effected  by  ciliary  contraction  alone,  which  is 
always  accompanied  with  diminution  in  size  of  the- pupil.  It 
is  by  no  means  impossible  that,  through  the  sympathetic  sys- 
tem, ciliary  contraction  should  modify  also  the  impression 
conveyed  to  the  brain  from  the  retina,  while  the  size  of  the 
actual  retinal  image  is  unchanged.  The  interpretation  is 
dependent  upon  the  excitement  of  several  different  nerves;  the 
thing  interpreted  is  the  product  of  forces  from  without  that 
operate  in  accordance  with  well  known  mathematical  laws. 
Helmholtz  has  determined  approximately  the  velocity  of  prop- 
agation of  a  nerve  impression,  but  beyond  this  there  has  be«n 
little  success  in  bringing  the  physiology  of  sensation  within  the 
domain  of  mathematical  law. 
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3.  Relation  ok  Axial  Adjitktmejtt  to  Focal  Accommodation. 

The  focal  and  axial  adjustments  of  the  eyes  being  necessarily 
dissociated  to  some  extent,  if  clear  vision  is  had  with  the  stereo- 
scope, but  this  dissociation  being  abnormal,  it  follows  that  the 
range  of  focal  accomrpodation  possible  for  a  given  pair  of  eyes 
should  not  be  the  same  for  difFeren*.  values  of  the  optic  angle.  To 
ascertain  the  degree  of  disturbance  thus  induced,  a  series  of 
measurements  has  been  made  with  the  assistance  of  Dr.  J.  E 
Shorter,  of  the  New  York  Eye  and  Ear  Infirmary.     In  the  pre- 
liminary examination  it  was  found  that  at  the  distance  of  9"  it 
was  possible  to  read  Snellen's  test  type  intended  for  average 
vision  at  6".     By, the  usual  formula,  therefore,  my  acuitv  of 
vision  is  J.     With   visual   lines  approximately  parallel,  tliere 
is  hyperopia  to  an  extent  not  exceeding  one  dioptric.*    This  is 
capable  of  correction,  therefore,  with  a  bi-convex  lens  whose 
focal  length  is  1°*.     But  when  the  visual  lines  are  diverged  5°, 
latent  hyperopia  to  the  extent  of  nearly  one  dioptric  more  is 
revealed  by  the  use  of  appropriate  test-lenses,  while  the  near- 
point  of   distinct  vision  is  found,  by    means  of  test-type,  to 
have  receded  proportionally.     This  fact  could   not  well  have 
been  ascertained  otherwise,  except  by  the  use  of  atropine,  with 
its  well  known  disagreeable  consequences.      The  experiment 
shows  that,  in  the  present  case  at  least,  full  relaxation  of  the 
ciliary  muscles  is    not   attained   by    making    the  visual  lines 
parallel.      For  emmetropic  eyes   it  is    usually  assumed  that 
the  passive  condition  is  that  of  parallelism.     The   theory  of 
negative  accommodation  advanced  by  Von  Graefef  and  Weber 
hits  not  been  generally  accepted. 

In  experimenting  upon  range  of  accommodation  I  employed 
a  pair  of  narrow  cards  on  which  were  vertically  printed  similar 
specimens  of  test-type,  intended  to  be  read  with  average  acuity 
of  vision  at  the  distance  of  67*"™.  On  a  large  sheet  of  paper, 
covering  a  table,  a  median  line  was  drawn,  terminating  at  the 
edge  in  front  of  the  mid-point  between  the  evea  Making  due 
allowance  for  the  distance  of  these  from  the  edge,  pairs  of  lines 
were  drawn,  along  which  the  visual  lines  could  be  directed  at 
will.  Upon  them  the  cards  were  placed  so  that  binocular  fusion 
of  images  could  be  secured  for  fixed  values  of  the  optic  angle, 
to  which  the  directions  of  the  lines  had  been  adapted.  Along 
these  the  cards  were  made  to  recede  and  approach  until  the 
farthest  and  nearest  points  were  found  at  which  distinct  binocu- 
lar vision  was  possible,  myself  being  kept  ignorant  of  the  reconl 
taken  until  the  whole  series  of  measurements  had  been  completed 

*  For  dioptric   system  of   moasuriuj^  tlio  refraction  of  the  eye.  H€-f»  Carter  on 
Kyesight,  p]).  4H-47;     Macmillan.  1880. 

+  Soelburg  Wells,  Disenses  of  tlie  Kve;   Applcton,  1S81. 
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The  result  is  shown  in  the  upper  and  lower  curves  of  fig.  4,  in 
which  distances  are  expressed  in  centimeters,  for  successive 
values  of  the  optic  angle,  taken  as  abscissas ;  RR'  is  the  curve 
of  far-points,  PP'  that  of  near-points,  and  DD'  that  of  distances 
of  the  optic  vertex  determined  by  the  intersection  of  visual 
lines.  The  latter  curve  crosses  PP'  near  the  point  correspond- 
ing to  a  =  25°,  showing  that,  for  values  of  the  optic  angle 
greater  than  this,  distinct  vision  of  an  object  as  near  as  the 
optic  vertex  is  impossible.  This  limiting  value  of  the  optic 
angle  becomes  still  smaller  with  increasing  age.  The  range  of 
available  accommodation  in  the  present  case  is  seen  to  be  great- 
est when  a  =  3°  30'.  This  is  about  the  angle  enclosed  by  the 
visual  lines  when  a  single  point  is  seen  at  the  distance  of  1*°. 


At  a  =  -5°,  the  increased  dilatation  of  the  pupils,  which  accc^m- 
panies  relaxation  of  the  ciliary  muscles,  reduces  acuity  of 
vision  slightly,  while  the  corresponding  flattening  of  the  crystal- 
line lens  causes  recession  of  the  nearpoi  nt  The  available  accom- 
modation is  hence  diminished,  while  the  total  accommodation  re- 
mains unchanged,  the  portion  lost  by  hyperopia  being  thus  not 
available  when  convex  glasses  are  not  used.  As  the  optic  angle 
iDcreases  beyond  3°  30',  the  distance  of  the  far-point  rapidly  di- 
minishes, so  that,  at  a  =  60°,  more  than  three  dioptrics  of  tempo- 
rary myopia  have  been  induced.  It  was  found  that  at  a  ==  4°,  the 
weakest  convex  lens  impaired  vision;  this  amount  of  conver- 
gence is  hence  sufficient  to  completely  mask  my  hyperopia, 
stronger  convergence  much  more  than  masks  it,  parallelism 
makes  it  manifest,  while  divergence  reveals  that  which  is  latent 
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and    not  otherwise  discoverable  except  by  temporarily  paral- 
yzing the  ciliary  muscle. 

4.  Relation  of  Pupillary  Akka  to  Axial  Adjustment. 

Pupillary  change  usually  accompanies  change  of  accommoda- 
tion, though  not  an  exact  index  oi  it.     During  the  recent  ex-, 
periments  measurements  were  made  of  the  diameter  of  the  pupil, 
the  intensity  of  the  light  being  kept  as  nearly  constant  as  pos- 
sible.    When  axial  convergence  takes  plaoe,  the  objects  being 
as  far  as  can  be  seen  distinctly,  the  pupils  first  contract,  then 
relax  perceptibly,  but  do  not  recover  their  previous  size  even 
after  binocular  vision  seems  perfectly  distinct.     When  axial  di- 
vergence takes  place,  the  objects  being  near,  the  pupils  dilate  no- 
ticeably, and  then  diminish  very  slightly.     From  the  following 
table  of  measurements  it  is  seen,  on  comparison  with  the  curves 
of  fig.  4,  that  for  the  near-point,  when  a  =  — o°,  the  pupil  is 
larger  than  for  the  far-point  when  a=  +3°  80'.      If  a  exceed 
45°  there  is  no  perceptible  variation  of  the  pupil  when  far- 
point  and  near-point  are  successively  regarded. 

IMpiUary  area 8^  in  square  millimeters. 

Opticangle, -5       +3^.30'         +25       +60" 

Maximum  area, 124  7*0  3*0  1*2 

Minimum  area, 82  4*2  1*7  1*2 

For  a  given  value  of  the  optic  angle  it  is  quite  probable  th&t 
pupillary  variation  is  proportional  to  change  of  ciliary  contrac- 
tion ;  but  the  table  shows  that  it  is  much  limited  by  associa- 
tion with  variation  of  contraction  in  the  rectus  muscles.  The 
dissociation  between  focal  and  axial  adjustments  is  but  rarely 
complete  when  the  convergence  is  strong.  If  diffusion  circles 
on  the  retina  are  very  small,  while  the  image  is  bright,  we 
easily  fail  to  notice  them,  and  it  is  not  easy  to  determine  when 

Perfect  distinctness  of  vision  passes  into  slight  indistinctness, 
^he  range  of  perfect  accommodation  is  doubtless  much  nar- 
rower even  than  is  indicated  in  the  curves  of  fig.  4,  granting 
that  the  observer's  eye  is  perfectly  free  from  such  defects  as 
would  produce  permanent  error  of  refraction.  Since  the  size 
of  diffusion  circles  depends  upon  the  area  of  the  pupillary 
opening  as  well  as  upon  error  of  refraction,  permanent  or  tem- 
porary, and  since  distinctness  of  focalization  is  indispensable  to 
success  in  binocular  vision,  either  with  or  without  the  stereo- 
scope, the  bearing  of  these  experiments  upon  the  theory  of 
binocular  perspective  is  obvious.  Though  many  of  them  are 
straining,  they  are  performed  to  some  extent,  more  or  less  un- 
consciously, by  every  one  who  uses  a  stereoscope  that  is  ill- 
adapted  to  his  eyes  and  stereographs  that  are  improperly 
mounted. 


5.  The  Operation  of  the  Will  in  Vision. 

reference  to  the  operation  of  the  will  upon  the  muscles  of 
^es,  Helraholiz  states  that  we  are  limited  to  efforts  for  the 
ment  of  single  and  distinct  vision.  The  French  edition 
5  great  work  on  Physiological  Optics  received  the  last 
jtions  of  the  author,  and  from  this  the  following  quota- 
must  be  made : 

faut  remarquer  en  general  que,  dans  toutes  les  mouve- 
j  volontaires,  notre  volonte  ne  tend  jamais  qu'a  atteindre 
jsultat  ext^rieur  nettement  determine  et  perceptible  par 
erne." — Opt.  Phys.^  p.  618. 

resulte  de  ces  faiis  que  la  relation  qui  existe  entre  les 
ements  des  deux  yeux  n'est  pas  commandee  par  un 
nisme  anatomique,  mais  qu'elle  se  modifie,  au  contraire, 
rinfluence  de  notre  volonte ;  la  seule  limite  reside  dans 
ictionnement  de  notre  volonte  que  nous  ne  savons  pas 
ijuer  a  un  but  autre  que  celui  de  voir  les  objects  simples 
Ltement.'' — Opt  Phys,,  p.  617. 

e  experiments  just  described  show  that  the  will  may  be 
ted  to  the  attainment  of  other  ends  than  single  and  dis- 

vision.      Although   not  affected    with  any  paralysis  or 

weakness  of  the  muscles  of  the  eyes,  and  hence  never 
►led  with  involuntary  double  vision,  I  find  it  quite  possi- 
t  any  time  to  converge  or  diverge  the  visual  lines  without 
;  any  external  points  of  fixation,  thus  securing  two  sepa- 
nonocular  images  of  a  given  object,  keeping  these  appar- 

separated  at  any  desired  angle  within  certain  limits,  and 
I  the  attention  alternately  upon  either  image  separately, 
easure.     A  door  knob,  for  example,  may  be  distinctly 

double  by  diverging  the  visual  lines  a  few  degrees,  and 
r  separate  image  may  be  thus  examined.  Discarding  the 
f  one  eye,  this  externally  projected  image  may  be  varied 
IK  in  sharpness  of  de6nition,  apparent  size,  and  apparent 
nee,  by  strong  voluntary  ciliary  contraction.  This  power 
)f  course  never  suspected  until  revealed  by  special  exper- 
t ;  but  there  is  no  reason  to  suppose  that  it  is  not  pos- 
i  by  most  others  whose  eyes  are  healthy. 

6.  Binocular  Vision  and  Binaural  Audition. 

e  discoveries  in  reference  to  binaural  audition,  made  during 
ist  few  years  independently  by  Professor  Silvanus  Thomp  • 
of  England,  and  Professor  A.  M.  Mayer,  of  this  country,  are 
3sting,  not  only  as  additions  to  our  knowledge  of  physio- 
al  acoustics,   but  also  in  relation  to  the  phenomena  of 

*  Philosophical  Magazine,  Oct.,  1877,  Nov.,  1878,  and  Nov.  1881. 
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physiological  perspective.     The  localization  of  sounds  has  been 
found  to  be  much  affected   by  the  mode  in  which  the  waves 
are  conveyed  to  the  separate  ears.     The  same  tone  may  be 
perceived  as  if  produced  at  the  back  of  the  head,  or  from  the 
two  sides,  or  from  a  point  obliquely  in  front,  while  the  position 
of  the  true  external  source  is  unclianged,  the  perception  being 
involuntary  while  the  conditions  are  adjusted  at  will.    The 
judgment  of  distance  by  the  ear  is  far  more  uncertain  than  by 
the  eye,  there   being  no  other  criterion  than  the  degree  of 
energy  of  the  vibrations  which  give  rise  to  sensation  ;  but  the 
perception  of  direction  may  be  modified  by  imposing  special 
conditions,  such  as  fatiguing  one  ear  with  a  given  tone  and 
then  listening  to  the  same  with  both  ears.     For  a  fixed  posi- 
tion of  the  eye,  the  perception  of  direction  may  be  modified  at 
will  by  methods  already  described,  or  by  pressing  upon  the 
eyeball,  while  that  of  distance  is  also  subject  to  variable  condi- 
tions.    Although  the  binaural  estimate  of  direction  and  dis- 
tance may  be  made  less  uncertain  by  properly  adjusting  the 
[)osition  of  the  head  to  the  wave  front,  or,  as  in  the  case  of  the 
ower  animals,  by  directing  the  two  ears  at  will  toward  the 
source  of  sound,  no  one  has  attempted  to  apply  geometry  to 
the  binaural  localization  of  sounds.     Its  application  to  binocu- 
lar vision  is  now  found  to  be  wholly  unreliable  in  the  very 
department  for  which  it  was  deemed  most  satisfactory,  that  of 
stereoscopic  perspective. 

7.    EfFECI'   op    Exi'KRIENCE    IN    ViSION. 

Assuming  that  focalization  is  distinct,  the  position  of  the 
external  focus,  conjugate  to  that  on  the  retina,  is  calculable, 
but  for  distances  exceeding  a  few  metres  the  variation  in  thick- 
ness of  the  crystalline  lens  becomes  so  slight  that  as  an  element 
in  forming  judgments  of  distance  it  m^  be  practically  dis- 
carded. We  are  justified  in  saying  therefore  that  there  is  gen- 
erally no  recognizable  relation  between  the  character  of  a  reti- 
nal image  and  the  distance  of  the  object  pictured,  any  more 
than  between  the  composition  of  a  sound  image  and  the  posi- 
tion of  its  external  source,  except  so  far  as  personal  experience 
serves  to  establish  it.  Experience,  both  visual  and  auditory, 
begins  in  infancy,  long  beiore  the  power  to  analyze  sensations 
is  developed,  and  in  putting  an  interpretation  upon  these,  asso- 
ciation is  the  chief  determinant  Strong  contraction  in  the  cil- 
iary and  internal  rectus  muscles  is  unconsciously  associated 
with  nearness  of  the  point  of  fixation,  and  this  is  pictured  upon 
the  yellow  spot  of  the  retina.  No  one  whose  eyes  are  healthy 
lias  any  consciousness  of  possessing  any  retina  except  in  rela- 
tion tf>  extenial  objects,  or  any  tympanum  except  in  relation  to 


irial  disturbauces,  or  auy  ciliary  or  rectus  muscles  except  in 
lation  to  variation  in  position  of  the  point  on  which  attention 
fixed  through  the  medium  of  retinal  sensation.  We  might 
:pect  therefore  that  unusual  muscular  conditions  would 
use  misinterpretation  regarding  the  whole  Held  of  view,  but 
pecially  those  parts  which  correspond  to  that  portion  of  the 
tina  which  is  most  frequently  impressed  and  most  sensitive, 
nder  strong  muscular  contraction,  arousing  abnormal  vision, 
is  hence  not  remarkable  that  an  object  pictured  on  the  cen- 
Gil  part  of  the  retina  should  be  misjudged  as  smaller  and 
»rer  than  one  of  the  same  real  size  and  distance  pictured 
x)n  marginal  portions;  and  that  the  illusion  shoula  disap- 
5ar  as  soon  as  the  muscles  are  relaxed  and  normal  conditions 
us  restored. 

There  is  one  psychologic  aspect  of  the  present  investigation 
which  I  have  not  been  unmindful,  particularly  in  reference 
the  effects  of  extreme  voluntary  ciliary  contraction.  In  re- 
>rding  the  results  of  even  normal  vision  every  astronomer 
)plies  what  experience  has  taught  him  to  be  his  personal 
|uation.  In  the  present  experiments  in  abnormal  vision, 
►me  of  which  are  not  easy,  the  personal  equation  cannot  well 
i  ascertained.  While  there  has  been  given  what  I  believe  to 
5  a  correct  account  of  phenomena  actually  observed  and  not 
msciously  anticipated  by  myself,  there  must  remain,  for  a 
me,  an  element  of  uncertainty,  how  much  may  be  due  to 
n'sonal  peculiarity  and  how  much  to  qualities  belonging  gen- 
ally  to  the  human  eye.  The  most  careful  of  observers  may 
3  occasionally  mistaken  in  attributing  to  physical  conditions 
hat  is  really  the  subjective  effect  of  unconscious  expectant 
tention.  The  very  consistency  of  these  phenomena  with  the 
npirical  theory  of  vision  might  cause  a  predisposition  to  cer- 
.in  perceptions  that  might  not  be  so  successfully  attained  by 
le  who  18  thoroughly  committed  to  the  opposite  school  of 
tough  t 

8.  Theories  of  Binocular  Perspective  and  Relief. 

The  reasoning  already  expressed  suggests  additionally  the  f  util- 
y  of  attempting  to  refer  our  binocular  perceptions  exclusively 
>  any  single  condition  such  as  the  external  intersection  of  vis- 
al  lines  or  the  internal  recognition  of  double  images  in  one 
irt  of  the  field  of  view  while  another  part  is  scanned,  appli- 
ible  as  these  conditions  may  be  when  considered  simply  as  ele- 
ents  that  may  at  times  enter  into  our  interpretations.  In 
leir  application  to  stereoscopy  the  physiological  elements  of 
jrspective  imply  no  contradiction  to  the  laws  of  mathematical 
erspective  which  must  be  applied  in  constructing  the  stereo- 

Am.  Joob.  Sol— Third  Sbbibb,  Vol.  XXin,  No,  187.— Mat,  1882. 
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graph.  The  relative  distances  in  the  drawing  being  fixed, 
variation  in  muscular  sensation  may  modify  the  imagined 
scale  of  measurement,  while  ratios  are  sensibly  the  same  as 
before.  The  beautiful  results  attained  by  Professor  W.  B. 
Rogers*  in  determining  the  form  of  the  binocular  resultant  are 
applicable  to  projecting  lines  that  intersect,  and  not  necassarily 
to  visual  lines,  since  the  perception  is  attained  when  these  are 
divergent  Tlie  same  remark  is  true  of  Helmholtz'  admirable 
mathematical  discussionf  of  the  stereo)3cope,  in  whicli  he 
makes  no  provision  for  optic  divergence,  although  elsewhere 
he  refers  to  the  possibility  of  stereoscopic  vision  by  this 
method.  It  is  but  due  him  to  state  that,  under  the  conditions 
assumed,  he  closes  his  discussion  with  the  remark,  "  These  con- 
ditions are  not  always  fulfilled  for  the  photographii*.  proofs  and 
the  stereoscopes  of  commerce.'' 

Associated  muscular  action,  to  which  special  prominence 
has  been  assigned  in  the  present  series  of  papers,  is 
in  like  manner  incapable  of  explaining  all  the  phenomena  of 
stereoscopy.  Much  stress  has  been  laid  upon  it  because  it 
covers  all  the  facts  that  have  hitherto  been  referred  to  visual 
triangulation,  and  additionally  those  of  optic  parallelism  and 
divergence,  assuming  that  the  stereoscopic  displacement  on  the 
card  is  large  enough  lo  permit  the  perception  of  double  images 
in  the  background  when  the  foreground  is  viewed,  and  that 
the  time  of  illumination  is  sufficient  to  allow  free  play  of 
the  eyes.  The  perception  of  stereoscopic  relief  is  possible 
when  the  stereoscopic  displacement  is  so  minute  that  no  sensi- 
ble motion  of  the  eyes  is  possible  and  no  duplication  of  any 
points  in  either  foreground  or  background  can  be  p^rceivwl 
with  oven  the  keenest  vision.  The  stereograph  has  been  re- 
peatedly examined,  and  relief  distinctly  perceived,  successively 
with  natural  and  reversed  perspective,  when  illuminated  bv  the 
electric  spark,  the  duration  of  the  retinal  impression  being  thus 
reduced  to  a  minute  fraction  of  a  second.  Undoubtedly  the 
play  of  the  eyes  often  enables  us  to  become  at  once  sure  of 
interpretations  that  would  be  enveloped  in  uncertainty  until  - 
after  several  trials  by  momentary  illumination.  In  ordinar}'  j 
vision  we  rarely  ever  notice  the  duplication  of  images  on  the 
hither  and  farther  side  of  the  point  of  fixation,  partly  becauae 
the  attention  is  apt  to  be  confined  to  the  point  fixed,  but  also 
because  other  points  are  not  distinctly  focalized  upon  the  reti- 
nas, \\\m\  the  majority  of  these  imperfect  images  fall  on  retinal 
parts  that  are  not  central  and  hence  are  deficient  in  sensitive- 
ness. 

It  has  been  suggested:}:  that  the  perception  of    relief  is  ijf 

*Thi8  Jounial,  II,  vol.  ixi,  pp.  91,  173,  et  seq. 
f  Optique  PhyHiologique,  p.  842,  et  seq. 
\  LeConte,  Sight,  p.  161 ;   Appleton,  1881. 
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\ean8  of  double  images^  and  that  the  mind  instinctively  distin- 
uishes  between  those  made  by  objects  that  are  respectively 
irther  and  nearer  than  the  point  fixed.  This  last  proposition 
'ould  be  hard  to  demonstrate  experimentally,  but  even  when 
^e  attention  is  not  specially  given  to  the  double  images,  these 
lay,  and  probably  do,  play  an  important  part  as  elements  in 
iie  unconscious  formation  of  judgments.  Again  it  has  been 
bated*  that  we  see  ut  lonr/  and  fthort  uisiances  at  Uie  same  time^ 
ecause  the  retina  has  thickness  an<i  transf)arency,  and  images 
re  focalized  at  different  depths  beneatli  its  surface.  Hero 
gain  we  can  neither  affirm  nor  deny  in  answer,  .although  re- 
ognizing  the  fact  that  the  crystiilline  lens,  being  one  of  short 
r>cal  length,  has  in  consequence  of  spherical  aberration  consid- 
Table  '*  depth  of  focus."  It  is  moreover  fluorescent,  irregular 
n  structure,  and  imperfectly  centred.  Perfectly  sharp  focali- 
Ation  is  hence  im]x>ssible,  as  shown  in  the  radiated  appear- 
ance of  stars  and  the  irradiation  about  anv  brilliant  surface  like 
hat  of  the  crescent  moon.  These  optical  defects  may  be  in 
ome  respects  advantageous  in  ordinary  vision.  If  Towler's 
heory  be  true,  though  not  demonstrable,  it  may  partly  explain 
he  possibility  of  binocular  combination  when  the  differences 
)etween  the  two  pictures  are  so  minute  that  the  perception  of 
louble  images  in  any  part  of  the  binocular  field  is  impossible 
k>me  idea  can  be  formed  of  the  minuteness  of  the  stereoscopic 
lisplacement  actually  necessary'  when  we  consider  that  Mr. 
barren  De  la  Rue  succeeded  in  obtaining  a  stereograph  of  the 
an,  from  which  by  stereoscopic  vision,  the  ridges  of  the  faculte 
tould  be  perceived  in  sharp  relief.  On  the  stereograph  of  the 
noon,  to  which  reference  has  been  more  than  once  made,  the 
ilevationof  mountain  ranges  and  solitary  peaks,  and  even  the 
neqnalities  of  the  supposed  dead  sea  bottoms  can  be  clearly 
een.  The  crater  Copernicus  and  the  lunar  Apennines  stand 
orth  particularly  boldly,  and  the  ridge  that  divides. the  bed  of 
he  heart-shaped  **Sea  of  Serenity"  can  be  easily  tmced.  Any 
ne  who  has  undertaken  the  preparation  of  a  stereograph  with 
le  pencil  or  pen  knows  how  very  difficult  it  is  to  avoid  the 
roduction  of  mughness  in  the  combined  image  at  places  where 
Tioothness  is  desired.  No  two  impressions  from  the  sjime 
rpe  can  be  taken  that  will  not  present  some  inequalities  when 
ereoscopically  examined,  and  no  two  groups  of  type  represent- 
ig  the  same  sentence  can  be  so  accurately  adjusted  as  not  to 
stray  imperfection  when  subjected  to  this  searching  test. 
In  what  has  been  said  of  **  corresponding  retinal  points,"  no 
atfaennatical  meaning  has  been  assigned  to  this  expression,  and 
3viously  none  can  be.  It  is  generally  thought,  but  has  not 
»en  experimentally  demonstrated,  that  each  rod  or  cone  on 

♦  Towler,  The  Silver  Sunbeam,  p.  310 ;  K.  A  H.  T.  Authony,  1879. 
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one  retina  has  its  mate  in  the  other,  and  when  such  a  pair  are 
simultaneously  impressed  they  convey  but  a  single  impression 
to  the  brain.     If  in  each  eye  the  retinal  image  is  so  small  as 
to  cover  but  a  single  rod  or  cone,  we  have  thus  the   so-called 
minimura  vmbik,  and  by   calculating  the  retinal  area  corres- 
ponding to  the  smallest  object  that  can  be  separately  seen  at  a 
given  distance  the  diameter  of  such  a  retinal  element  has  been 
estimated.     There  are  strong  reasons  however  for  doubting  the 
validity  of  this  theory  of  corresponding   retinal    point&     All 
we  can  affirm  is  that  experience,  acquired    individually  and 
probably  with  exceeding  rapidity  in  consequence  of   inherited 
tendencies,  has  taught  us  to  interpret  retinal  sensations  that  are 
slightly  different  in  the  two  eyes,  as  the  signs  of  an  external 
object  possessing  three  dimensions  in  spac^,  when  the  images 
are  made  upon  parts  of  the  concave  surfaces  that  bear  to  eack 
other  the  mathematical  relations  imposed  by  the  presence  of 
such  an  object  in  normal  binocular  vision.     Sensation   is  never 
confined  to  a  point,  or  pair  of  points,  but  only  to  areas.     If  we 
gi'ant  the  correspondence  between  small  retinal  areas,  simply  as 
the  result  of  experience  rather  than  as  a  truth  in  anatomy, 
it  is  not  hard  to  understand  how  a  pair  of  slightly   dissimilar 
images  may  produce  upon  the  brain  a  modified  impression,  even 
when  no  duplication  in  any  part  can  be  perceived.     It  may  be 
quite  possible  for  the  quality  of  a  retinal  sensation  to  be  modi- 
fied while  the  additional  impression,  apart  from   that  which  it 
modifies,  would  be  imperceptible.     From  what  we  positively 
know  regarding  sensation  in  the  ear,  we  are  justified  in  apply- 
ing similar  reasoning  tentatively  to  sensation  in  the  eye. 

It  is  well  known  that  no  perfectly  simple  sound  is  produced 
by  the  voice,  or  indeed  by  any  musical  instrument;  but  that 
the  diflference  in  quality  between  two  tones  nominally  the  same 
from  diflFerent  sources  is  due  to  minute  modifications  upon 
sensations,  corresponding  to  attendant  waves,  most  of  which 
are  too  faint  to  be  perceived  without  instrumental  aid.  A 
well  trained  ear  however  is  able  to  pick  out  some  of  these 
overtones,  even  when  two  different  voices  are  singing  nomi- 
nally in  unison.  The  brain  of  the  listener  receives  two  sound- 
images,  each  complex,  that  approximately  coalesce.  By  special 
attention  he  singles  out  a  few  musical  salient  points  and  thoa 
perceives  double  images  in  the  background  ;  but  the  great 
majority  of  the  attendant  modifying  tones  are  so  faint  and  so 
inextricably  mixed  together  that  it  is  impossible  to  do  more 
than  perceive  their  resultant  eflfect  upon  the  fundamental  about 
which  they  are  grouped.  The  rich  combination  of  all  stands 
out  in  strong  musical  relief,  when  compared  with  the  impress 
sion  from  either  voice  alone,  or  with  the  sweet  but  thin  sound 
of  the  tuning  fork  that  sings  forth  the  same  fundamental  pitch. 
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This  comparison  relates  to  the  combination  of  sensations, 
latever  may  be  the  cause  of  dissimilarity  among  the  cora- 
nents  of  the  group.  In  the  case  of  audition  the  modifica- 
ms  imposed  upon  the  sensation  are  due  to  combination 
long  waves  varying  in  length  from  a  small  fraction  of  an 
sh  to  many  feet.     The  graphic  representation  by  curves  is 

arbitrary  but  exceedingly  convenient  method  of  indicating 
e  quality  of  a  sensation  from  what  we  know  of  the  physical 
aracter  of  its  proximate  cause,  however  complex  this  may 
:.  Waves  of  light  are  far  more  minute  than  those  of  sound, 
id  we  have  no  evidence  of  sensible  interference  among  them 
the  production  of  binocular  vision.  We  have  not  the  data 
:)m  which  a  binocular  image  can  be  graphically  expressed  as 
curve,  and  thus  compared  with  one  of  the  monocular  com- 
>nents.  But  the  facts  that  are  forced  upon  our  attention 
ggest  kinship  between  the  modes  of  sensation  in  the  two 
ses.  The  group  of  light  images  in  the  one  eye  forms  a  sum 
tal  that  is  different  from  that  in  the  other,  and  the  sensations 
ey  arouse  are  simultaneously  conveyed  to  the  brain.  Ex- 
irience  comes  to  our  aid,  and  the  modified  resultant  is  in- 
intly  recognized,  even  though  we  may  be  unable  to  perceive 
parately  the  minute  modifications  which  give  character  to 
e  two  main  components  that  form  it. 

I  doubt  therefore  the  anatomical  theory  of  corresponding 
tinal  points,  and  regard  that  of  partially  correspondent  retinal 
eas  as  a  substitute  more  in  accordance  with  observed  facts, 
lis  correspondence  moreover  must  be  considered  merely  the 
feet  of  association  resulting  from  oft  repeated  experience,  an 
sociation  that  is  very  quickly  established,  although  a  new- 
>rn  infant  does  not  seem  to  possess  the  power  of  single  vision 

birth.  Such  retinal  areas  should  be  considered  as  not 
arply  defined,  as  is  shown  by  the  phenomena  of  irradiation, 
point  impressed  becomes  the  center  of  a  minute  area  of  dis- 
rbance,  just  as  on  the  skin  a  point  pricked  with  a  pin  is  a 
uter  from  which  pain  is  quickly  extended  to  an  area.  A 
Dup  of  such  retinal  areas  are  of  necessity  partially  coales- 
3t.  The  absence  of  sharp  definition  on  the  retina  is  one 
ndition  on  which  stereoscopy  becomes  possible  through  the 
parent  blending  of  images  that  are  really  dissimilar.  If  the 
^similarity  is  but  slight,  clear  relief  is  perceived  without  the 
eduction  of  any  sensible  duplication  of  images  in  any  part 
the  binocular  picture. 

In  the  light  of  these  facts  it  is  seen  that  the  explanation  of 
reoscopy  with  perfectly  similar  figures,  as  given  in  my 
t  paper,*  was  incomplete.  It  was- known  to  be  so  at  the 
le  it  was  given,  but  my  intention  was  to  present  only  a  geo- 

*Thia  Journal,  April,  1882,  p.  207. 
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metric  discussion  and  reserve  the  remainder  for  a  new  pa{)€r. 
In  performing  ihe  experiment  for  the  first  time,  confusion  is 
generally  experienced  ;  after  a  few  moments  the  form  of  the 
binocular  resultant  is  clearl}^  perceived,  and  in  subsequent 
trials  the  perception  is  attained  much  more  quickly,  all  parts 
of  the  image  being  sensibly  equally  distinct  at  the  same  mo- 
ment, if  the  inclination  of  the  cards  Vje  not  great  It  is  only 
when  this  inclination  is  considerable  that  play  of  the  eyes  be- 
comes necessary,  and  the  associated  exercise  of  the  rectus 
muscles  thus  furnishes  suggestions  that  are  complementary  to 
the  modification  of  retinal  impressions  just  discussed.  There 
are  further  experiments  in  regard  to  this  mode  of  stereoscopy 
by  momentary  illumination,  which  I  hope  to  make  and  pQb> 
lish  at  some  future  time. 

New  York,  4(»  W.  40tlj  St.,  April  :ul,  1882. 
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[( 'On tinned  from  page  202.] 

Thk  facts,  presented  in  the  preceding  part  of  this  paper,  on 
the  dimensions  and  velocity  of  the  flooded  Connecticut  appear 
to  make  it  certiiin  that,  during  tiie  era  of  the  great  flooa,  the 
pitch  of  the  Connecticut  valley  was  very  much  less  than  it  is 
now,  and  that  a  change  equivalent  to  1  foot  a  mile  from  the 
Sound  to  Springfield,  and  2\  feet  a  mile  to  Haverhill  (and  in 
undetermined  distance  U»yond) — but  corresponding  to  some 
curving  plane  between  the  extreme  points — would  not  be  too 
great  to  meet  the  requirements.* 

But  I  have  not  said  that  the  land  over  the  interior  of  New 
Kngland  was  depressed  to  the  amount  stated,  or  to  any  amount 
It  has  been  left  an  open  question  whether  the  change  was  a 
change  in  the  sea-level  or  in  the  land-level. 

Leaving  this  point  for  discussion  in  another  number  of  this 
Journal,  I  here  take  up  the  subject  of  the  disappearance  of  the 
ice  from  the  Connecticut  vallev. 

5.    77/<'  Retreat  of  the  GUwier, 

The  ratf  uf  retreat  or  disappearance  of  the  ice  along  tht* 
Connecticut  valley  and  from  the  Connecticut  River  drainag:e- 
area  had  a  relation  to  the  amount  of  discharge  of  the  flooded 
river:  and  the  time  recjui red  for  the  retreat  a  like  relation  to 
the  amount  of  ice   to  melt.     But  there  arc  various  unknowrn 

*  This  curving  phiue  would  make  rijrht  the  heijrht**  for  Middletowu  ami  Spriw* 
tifld  on  piige  1J>I»,  wIhto  the  f«nnier  is.  bv  the  assumed  rat<'  of  pitch,  the  higher. 
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uantities  connected  with   this  subject,  and   only  some   verv 
eneral  conclusions  can  be  looked  for. 

(1.)  Drainage-area. — The  present  drainage-area  of  the  Connec- 
cut,  north  of  Massachusetts,  covers  about  8,500  square  miles; 
etvveen  the  northern  Massachusetts  line  and  Hartford,  2,10C 
[aare  miles;  and  between  Hartford  and  the  Sound,  450  square 
iles;  making  in  all  11,050  square  miles.     The  Hartford  limit 

here  made  to  extend  south  of  Hartford  on  the  west,  so  as  to 
dude  the  whole  drainage-surface  of  the  Farmington  River, 
hich  joins  the  Connecticut  north  of  Hartford.  The  area  cov- 
•ed  by  the  Quinnipiac  River  might  also  be  added,  since  the 
^erflows  from  the  Connecticut  River  valley,  at  Northampton 
id  south  of  this  point,  so  far  as  they  emptied  into  the  Sound 
y  a  separate  outlet,  reached  it  by  the  Quinnipiac  valley.  But 
36  area  is  not  over  50  square  miles. 

(2.)  Amount  of  ice  over  tfte  drainage-area, — The  mean  thick- 
less  of  the  ice  in  and  west  of  the  White  Mountain  region,  judg- 
ng  from  the  glacial  scratches  on  the  White  Mountains,  and  on 
rft  Mansfield  of  the  Green  Mountains,  was  probably  about 
'>,000  feet;  at  the  sources  of  the  Connecticut  River,  75  miles 
lorth,  on  the  borders  of  Canada,  at  least  6,000  feet;  and  to  the 
wuth  near  the  Massachusetts  border,  not  far  from  3,500  feet 
The  mean  thickness  for  the  whole  area,  8,500  square  miles  in 
extent,  thence  deduced,  is  about  4,500  feet ;  and,  if  so,  the  whole 
imount  of  ice  covering  the  drainage-area  north  of  Massachusetts, 
at  any  one  time  before  melting  had  made  much  progress,  would 
have  been  about  7,250  cubic  miles. 

Over  the  more  southern  part  of  the  drainage-area,  2,550 
square  miles  in  extent,  the  mean  thickness  was  probably  near 
2,000  feet  In  this  the  thickness  along  the  north  shore  of  Long 
Island  Sound  is  taken  at  1,000  feet;  and  it  is  put  at  this  figure 
lather  than  lower  because  the  glacier  continued  flowing  south- 
^'ard  and  eastward  for  at  least  34  miles,  it  having  extended 
across  the  Sound,  and  landed  large  bowlders,  some  of  more  than 
}  hundred  tons  weight,  with  a  large  amount  of  moraine  material 
^referred  to  the  terminal  moraine)  on  the  south  side  and  other 
parts  of  Long  Island  ;  and  the  chief  part  of  the  fall  necessary 
for  motion  came  from  a  northward  increase  in  the  thickness  of  the 
ice,  the  Sound  being  a  shallow  trough  20  miles  or  so  wide.  A 
^lope  of  0°  25'  would  give  a  pitch  of  38*39  feet  per  mile 
'=  1 :  137*5),  and  make  the  thickness  along  a  line  34  miles 
lorth-northwest  from  the  south  side  of  Long  Island,  1305  feet; 
ind  one  of  only  0°  20'  would  give  a  pitch  of  30*72  feet  per 
nile  (=  1:171*8),  and  a  thickness  of  1,044*5  feet*  On  the 
hove   assumption    the  amount  of  ice  in  this  part  of  the  drain- 

♦  In  Greenland  u  thickness  of  more  than  900  feet  exists  according  to  HeUand, 
;  the  ver}'  end  of  the  Jakobsliavn  glacier,  this  being  proved  by  the  thickness  of 
le  icebergs  broken  from  it. 
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age-area  at  any  given  time  would  have  been  965  cubic  miles, 
making  the  total  about  8,215  cubic  miles. 

(3.)  Sources  of  the  Water,  —  Melted  ice  and  unf rossen  waters 
from  the  precipitation  over  the  drainage-area  were  the  sources 
supplying  the  flooded  streams. 

The  precipitation,  to  produce  the  snows  needed  for  the  Glacial 
era,  must  have  been  large,  much  larger  than  now.  The  amount 
at  the  present  time  for  the  part  of  the  drainage-area  north  of 
Massachusetts  averages  42  inches  a  year,  and  for  the  part  south, 
46  inches;  while  on  Mt.  Washington,  just  east  of  the  area,  the 
annual  fall  is  between  55  and  80  inches.  In  1873,  78*56  inches 
were  registered  on  Mt.  Washington. 

In  the  Glacial  era  the  conditions  must  have  occasioned  still 
more  abundant  precipitation.  The  ocean  was,  in  all  probability, 
much  warmer  tnan  now,  either  through  the  shallowing  of  the 
Arctic  seas,  which  shallowing  would  have  diminished  much  the 
southward  currents  of  cold  polar  water,  and  also  the  extreme 
northward  flow  of  the  Gulf  Stream  ;  or  in  some  other  way.  In 
addition,  the  border  region  of  the  continent,  in  these  and  higher 
latitudes,  had  not  merely  snow-clad  heights,  but  ice-made 
heights,  from  the  sea-margin  to  the  top  of  the  lofty  ice-rauge. 
Moreover,  the  region  of  New  England  was  within  the  more  sea- 
ward portion  of  the  icy  slopes. 

The  relations  were  consequently  likeP  those  between  the  tropi- 
cal Indian  Ocean  and  the  seaward  mountain  ridges  of  India, 
though  less  extreme.  In  India,  at  many  localities,  the  mean, 
annual  rain-fall  is  100  to  160  inches,  while  at  three  statiooson 
the  Ghats,  in  Bombay,  it  is  over  250  inches,  and  at  one  in 
Assam,  nearly  500  inches.  In  such  facts  we  have  seemingl; 
sufficient  reason  for  estimating  the  average  annual  rain-hll  of 
the  Connecticut  valley  during  the  Glacial  era  to  have  been  at 
least  as  high  as  120  inches.  The  present  high  average  on  the 
isolated  White  Mountains  is  good  evidence  that  90  inches  would 
be  too  small  an  estimate,  and  the  more  so  since  during  the  four 
months  in  which  half  of  the  precipitation  there  takes  place,  June, 
July,  August  and  September,  the  slopes  are,  with  small  excep- 
tions, free  from  snow — Mr.  Schott's  tables  (page  56)  making  the 
mean  for  the  four  years  of  observations  67i2  inches,  and  for  the 
four  months  just  mentioned,  33*83  inches. 

The  facts  make  it  apparent,  whether  the  above  estimate  be 
precisely  right  or  not,  that  the  amount  of  precipitation  was  far 
greater  than  in  any  modern  glacial  region.  Ana  the  same  must 
have  been  true  for  the  southern  portion  of  the  ice-slope,  «7«/of 
Xew  England,  over  which  would  have  blown  moisture-ladenfd 
winds  from  the  region  of  the  great  Mediterranean  sea  of  the  con- 
tinent; though  possibly,  owing  to  the  distance  from  that  sea 
and  the  position  of  the  Appalachians,  the  annual  precipitation 
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north  of  the  Ohio  may  have  been  increased  somewhat  less  than 
over  New  Englnnd. 

From  the  condition  of  Greenland,* — a  semi -continent,  covered 
hy  a  continaoos  glacier-mass  more  than  a  thousand  miles  long 

*Tbe  chief  BourceB  of  information  with  regard  to  the  inleriorof  Greenland  are ; 
(I)  the  eiploralioD,  in  Julj,  1870,  of  Nordeniikiold  over  the  ice  for  28  miles,  siitf 
milefl  south  of  JakobshsTO,  near  Ihe  parellel  of  68°  20',  ( Gtol.  Mag.  for  1873) ;  and 
(Z)  that  or  Lieulenant  J.  A.  D.  Jensen,  in  187 S,  wiLh  Hr.  A.  Xomerup  as  geologist, 
who  started  on  the  Frederikahaab  glacier,  between  the  parallelB  of  62°  and  63°, 
and  traveled  47^  miles  in  an  R.N.K.  direction  {MtddrMser  om  Oroniand.  Copen- 
1819.  Partflrat). 


Tbc  hUck  part,  lee:  wbllc,  lui 

Nordonukiold  law  no  iiuiiuluting  HnrHice  of  Ice,  while  and  morainele!!!!,  mudi 
iolerMCted  by  crevasees.  and  furrowed  hy  in  numerable  rivers,  and  one  "copiouB, 
deep  and  broad  river  between  banks  of  blue  ice."  whose  banks  lie  followed  until  he 
saw  '-  the  whole  immense  mass  of  wsler  rush  down  h  petpendiciilar  urevasse  into  Om 
depths  below."  There  was  dust  over  portions  of  the  surface,  and  wilh  it,  ua  detected 
h;  liis  companion,  llr.  Berggreu,  great  quantitica  of  a  minute  alga,  iu  the  rorm  ol 
threads  of  unuallf  4  or  a  cells,  along  with  some  Frotoaxrw  miaiia,  and,  in  one 
[dace,  80  much  of  the  material  lay  together,  (collected  My  streams  then  dried  up), 
that  it  had  become  putrescent  in  the  sun.  "  so  as  to  emit  a  most  unpleasant  odor, 
like  that  of  butyric  acid."  Kurdenskiold  sajn  that  (he  algie  tend  to  make  rapid 
nielliDg  of  the  ice  under  the  summer's  sun.    Thi'  lieijtlit  reached  bv  Sordenskiiild 
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and  several  hundred  wide,  and  leaving  outside  onlj^  a  fringe  of 
fiords  and  islands  generally  but  30  to  60  miles  in  width, — we 
may  derive  many  facts  illustrating  this  subject.  Wc  learn  from 
it  that  a  continental  glacier  (I)  would  have  crevasses  of  indefi 
nite  number  and  extent,  either  transverse  to  the  direction  of 
motion,  longitudinal,  or  radial,  according  to  the  bottom  over 
which  it  moved  and  the  attendant  conditions;  that  (2)  it  would 
be  covered  extensively,  in  the  warmer  season  at  least,  with  fresh- 
was  2,200  feet,  and  Uie  meHO  slope  of  the  icc-surfHce  on  the  way,  as  deduced 
from  tlie  height,  was  n"  2(*/.  equivalent  to  40  feet  per  mile  (1 :  l.'?2). 

Lieut.  Jensen,  iit  the  limit  of  his  inland  ice  journey  of  47^  miles  from  ihe  foot  of 
the  Frederikshaab  glacier,  rejched  a  cln-ter  of  rocky  peaks,  rising  from  l)ene.itli 
the  glacier — NvnaUiks  of  the  Grecnlanders  (J.  N.,  lig.  1).  The  heicrhts  above  the 
sea  of  t^pe  four  largest  were  severally,  commencing  to  the  north.  5,6215  (g),  5,18-1 
[i).  5,054  (k),  and  5.580  {m),  feet.  (See  fig.  2  below.)  From  these  peaks,  whicli 
stand  like  islands  in  the  sea  of  ice,  moraines  of  stones  and  earth  (sonie  of  the 
stones  20  feet  in  their  dimensions)  extend  for  1  t(»  2 A  miles,  (?/*',  wi",  m'".  »n"", 

,,  fig.  "J)  and  dust,  by  the  aid  of  tlit* 

storm  winds,  is  drifted  off  for  wide 
distribution  over  the  glacier.    The 
moraines,  after  a  short  outside  ex- 
istence,  disappeared   Iwneath   the 
ice,  the  stones  dropping  down  ili<- 
crevasses  that  were  from  time  Ut 
time  opening  (the  account  8ays)A« 
the  glacier  moved  on.     The  vary- 
ing direction  of  the  moraines.  ao«l 
tlie  eddies  in  the  flowing  ice.  due 
to  the  obstnictuig  ridge  (of  which 
the  Nunatflks  are  the  peaks),  which 
those   directions  indicate,   are   re- 
markably instructive.     The  arn>ws 
show  the  inferred  direction  of  move- 
ment.    The  moraine  w',  2^  milej< 
long,  is  made   mostly  of  polislieil 
stones,  which  appear  ihorefore  U^ 
have  traveled  far,  and  not  to  he 
the  debris  of  the  nunattiks.    The 
m"  and  m"'  have  no  conDcclion 
with  any  visible  nunatak.     At  h  h 
a  lake  824   feet  in  diameter,  and 
toward   it  the   ice   around   slope.-* 
from  a  heiglit  of  4,900  feet  to  that 
of  4, 1 20  on  its  borders.     The  K^i- 
iMcr  hat!  a  height  at  t,  east  of  the  nuiiataks,  of  5,150  feet.     The  slope  of  the  ice- 
snrface  for  the  distance  traver.-icd  averaged  0'  40',  or  alK)ut  75  feet  per  mile 
(1  :  70);  and  it  was  evident  that  the  movement  of  the  glacier  dei)ended  on  ilii." 
slope.     Crevasses  were  numerous  alon^'-  tlie  route  transverse  to  the  line  of  iiiovf 
ment  as  well  as  longitudinal  and  radial  (.^^ee  fine  linos  along  tlie  route  on  fijr.  1); 
and  fresh- water  .streams  were  oommon.  and  watc^r-falls  also. 

The  largest  of  Jensen's  luuiataks  oonsiJ^ted  mo.stly  of  hornbh«ndc  sohist  in  l>old 
flexures,  with  mica  sc-hist  and  j^neiss.  Twenty-s»'Von  si)ecios  of  plants  were  (vl- 
lected  from  tiioni  by  Mr.  Kornorup.  and  among  thoso  were  the  gras.^es  Luzul'i 
/iijpfrl}f>rt'i  and  ('ort-x  imnUiui.  widely  spread.  Trifctum  fSHhsftioitKin  and  Pon  tiich*- 
lioda  in  scattered  tufts ;  the  sorrel.  Oxyrlo  digyrifi :  the  white-flowering  (WoJitirm 
(ilftini'tii  and  Siixifriuja  opjjftsiti/olni :  the  little  blue-floworing  <.-ainpanula  unijhra: 
rotttiitHio  ulifo,  h'anutiCKiihs  jfyjinofus.  .■^iltnf  n.o'uli.s,  f'nsfiojtr  htjjinoidts,  Arrmrui 
,<//'///>/!  ;  and  tho   yellow-floworing  pojipy.  Pn inner  inidinnitf.  \vhi<*h   wa<J  taktn 
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water  streams,  ending  their  short  career  by  a  leap  down  the 
crevasses ;  and  that  such  streams  might  often  attain  large  size 
before  making  their  plunge  to  sub-glacial  depths;  that  (3)  the 
melting  at  surface  and  thereby  the  wasting  of  the  ice  would 
probably  have  been  promoted  by  a  wide  distribution  of  micro- 
scopic algie ;  that  (4)  sub-glacial  streams  would  have  been  nu- 
merous and  large,  and  that  they  might  have  kept  up  their  flow 
even  through  the  coldest  season ;  that  (5)  sub-glacial  streams, 
flowing  out  from  beneath  the  discharging  glacier,  would  have 
transported  fine  earth  and  clay,  the  results  of  glacier  abrasion, 

from  the  top  of  ihe  liighest  nunalak.  Of  these,  tlie  LuztUa,  Oxyria.  Trisetum^ 
Si/ene,  and  CkM^tiope  are  among  the  Arctic  species  left  on  the  Wliite  Moiiniaiiis, 
while  the  Saxifraga  is  found  on  the  Green  Mountains  (Asa  Gray.) 

The  fringe  of  fiords  and  islands  alon^r  Western  Greenland,  30  to  GO  miles  wide, 
is  mostly,  as  figured  by  Dr.  Rink  in  his  Danish  Greenland,  outside  of  the  great  cou- 
tineotal  glacier.  The  discharging  ice  descends  into  the  heads  of  the  fiords  and 
thus  makes  the  so-called  glaciers;  and  here,  under  the  action  of  the  tides  on  ihe 
free  end  where  not  thick  enough  to  lie  on  the  bottom,  great  masses  are  broken 
off  to  drift  away  as  icebergs.  This  border  region,  in  contrast  with  the  interior 
just  east  of  it,  rises  into  numerous  peaks  of  3,000  to  4,000  feet,  and,  about 
Umanak-fiord.  in  north  Greenland,  there  are  summits  of  6,000  to  7,000  feet.  It 
is  mostly  free  of  ice  l^low  a  level  of  2,000  feet  and  partly  so  above  this  limit; 
yet  over  its  higher  summits  there  are  local  glaciers.  Figure  1  shows, — in  the 
part  left  white, — the  breadth  of  this  fionl-border  north  of  the  Frederikshaab 
glacier,  and,  also,  the  interior  ice  descending  into  some  of  the  fiords  to  varying 
distances,  and  failing  to  reach  others.  At  the  south  end  of  Greenland,  the  inte- 
rior ice  is  hardh'  30  miles  distant  from  ('ape  Farewell,  although  near  60"  N. 

To  aid  the  reader  in  understanding  the  conditions  in  Greenland,  the  following 
climatal  facts  are  here  cited  from  Rink :  The  mean  annual  temperature  at  Lichte- 
nau,  in  GO  .U'  N.,  is  332  F.;  at  Godthaab,  in  04^  8'  X.,  278  F. ;  at  Jakob- 
shavn,  in  G9°  14'  N.,  226  F. ;  at  Upemivik.  in  72"  48'  N.,  13*3  F. ;  at  Jakobshavn, 
annual  range  of  montlily  means  03  F.  to  45*3  F.  and  at  Godthaab.  11*8  F.  to 
44*4  F. ;  temperature  of  the  soil,  4  feet  under  ground,  at  Godthaab  varies  during 
the  year  l>etween  3r5  F.  (March),  and  40*1  F.  (September):  the  height  above  the 
sea  of  the  snow  line  in  Danish  (Greenland  is  about  2000  to  2200  feet. 

In  July,  1875,  Ilelland,  of  Norway,  msAe  measurements  on  the  glacier  in  the 
Jakobshavn  fiord  ( Om  de  isfyldte  fjord  og  de  glaciak  Danndser  i  Kordgronland. 
and  Qunrl,  Jonrn.  Gtol.  Soc.,  1877,  p.  142).  He  detennined  the  width  to  be  4,6(K» 
meters,  and  the  sloi)e  of  the  ice-surface  to  be  less  than  half  a  degree.  Yet  the  rate 
of  motion  ho  found  to  be,  at  middle,  20  meters  per  day :  400  to  450  meters  from 
the  sides,  15  meter.«<;  and  close  by  the  side,  0*2  meters  per  day.  This  rate  is 
1 5  times  greater  than  lias  been  observed  in  the  Alps  and  needs  confirmation. 
The  rate  for  the  smaller  glacier  of  the  fiord  of  Torsukatak,  in  09"  50',  he  made 
half  less.  The  rapi<l  flow  of  the  former  he  attributes  to  the  pressure  of  the  mass 
of  the  interior  ice. 

Holland  states  that  in  his  views  over  the  interior  ice  from  five  high  peaks  of 
the  fiord  border,  between  69'  10'  N.  and  71"  15'  N..  he  saw  only  ice,  like  a  great 
sea,  lying  at  a  much  lower  level  than  these  peaks  but  rising  slowly  inland  and 
forming  ain  undulating  sky-line.  The  surface  of  the  glaciers  in  the  fiords  was 
mostly  free  from  stones,  except  at  the  margin.  At  the  .Jakobshavn  fiord  the  dis- 
charge of  ice  in  July  was  o«|iial  to  one  large  iwberg  a  <lay  of  about  16,000,000 
cubic  meters.  The  discharge  continues  in  the  winter,  ns  the  icel)ergs  set  free 
prove,  but  at  a  slower  rate.  He  observes  also  that  the  amount  of  glacier  dis- 
charged as  i(«  is  far  loss  tfian  that  which  passes  out  as  water  beneath  the  gla- 
cier. The  meain  amount  of  nuid  discharged  by  the  waters  flowing  from  G  glaciers 
lie  found  to  be  in  July  and  August,  1875.  727  grams  in  1  cubic  meter  of  water 
lor  in  10<».000  grams  very  nearly).  .According  to  the  fishing  lines  of  the  ( treen- 
landers.  the  depth  of  the  .Fakobshavn  fiord  is  about  390  meters,  or  1280  feet. 


86f$    ,T.  T),  Danu — Flood  of  the  Cmin4>Htcnvt  JRiver  YaJley. 

to  make  aqueous  deposits,  which  might  or  might  not  be  free 
from  stones  or  bowlders. 

Dr.  Rink,  the  Greenland  explorer,  and  for  many  years,  Gov- 
ernment Inspector  of  South  Greenland,  states,  in  his  "Danish 
Greenland,"  (1877)  that  the  sub-glacial  streams  which  flow  out 
from  beneath  the  ice  in  the  ieedischargiug  fiords,  are  verv 
copious  and  sometimes  violent  torrents,  making  whirlpools  a 
hundred  feet  in  diameter  as  the  waters  escape  from  sub-gla- 
cial confinement;  that  they  probably  branch  widely  over  the 
country  like  a  regular  river  system  ;  and  he  refers  to  the  author- 
ity of  the  natives,  as  well  as  to  the  observations  of  explorers. 
He  observes  that,  according  to  his  estimate,*  out  of  the  10  inches 
of  annual  precipitation — the  mean  amount — only  25  per  cent, 
or  2^  inches,  are  ueeded  to  supply  the  loss  of  ice  from  the  dis- 
charge of  icebergs  :  and  that  the  rest,  apart  from  what  is  lostbj 
evaporation,  makes  up  the  amount  of  loss  from  melting,  indi- 
cated by  the  sub-glacial  waters.  An  annual  supply  to  this 
end  of  only  6  or  7  inches  could  not  produce  the  largest  of 
rivers.f 

From  these  facts  we  may  hence  assume  that  the  great  glacier 
of  Eastern  North  America  would  have  had 

(1)  Crevasses,  with  only  local  exceptions ; 

(2)  Surface  streams  flowing  with  nearly  pure  waters  over 
n earl 3^  pure  ice,  suddenly  becoming  sub-glacial  by  descending 
the  crevasses ;  and 

(3)  Sub-glacial  streams  as  much  more  extensive  than  those 
of  Greenland  as  the  preci|>itation  was  more  copious  and  the 
drainage-areas  larger. 

If  in  (freenland  60  or  70  per  cent  of  the  precipitation  is  a 
measure  of  the  amount  of  water  contributed  to  the  sub-glacial 
streams,  60  per  cent,  may  have  well  been  the  amount  in  New 
England  dunng  the  progress  of  the  Glacial  era;  and  this,  with 
an  annual  fall  of  120  inches,  would  have  been  72  inches  or  60 
inches  with  one  of  100  inches.  This  estimate  can  hai'dlv  be 
over-large  considering  that  tropical  and  warm-temperate  regions 
were  not  far  distant,  and  that  the  summers,  if  it  were  a  fact  thai 
they  were  shorter  than  now,  were  proportionally  hotter. 
When  the  glacier  began  its  decline,  the  proportion  of  the  precip- 
itation becoming  sub-glacial  wo  jjd  have  gradually  increased, 
and  so  on  to  the  end.  And,  consequently,  as  the  amelioration 
of  theclininte  made  progress,  the  melting  would  have  augmented 
in  rate  through  the  increasing  warmth  of  the  winds.  The  fact 
that  glacial  conditions  tend  to  [)erpetuate  themselves  is  well 

*  Haso»i  (.hieflv  (ui  the  How  of*  ice  in  tlu*  .lakobsluivn  flonl,  ns  moasured  bv 
Holland. 

\  Aooonlin^:  to  Holland,  tho  mean  procjpilation  at  .lakobrtliavn  for  the  rear 
lietwoon  .hilv  ls7.X  and  .lulv  1871.  was  onlv  SA  inohop,  and  for  tho  vear  follow- 
in>».  7  iui'hos. 
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illustrated  in  the  present  state  of  Greenland.  But  in  North 
America,  situated  on  the  wind-receiving  side  of  a  warra-temper- 
ate  and  tropical  ocean,  whose  tropical  waters  lay  against  its 
southern  border  for  more  than  a  thousand  miles,  the  strength 
of  the  tendency  would  have  been  severely  tested. 

Pressure  and  friction  would  have  been  other  sources  of 
melting;  and  perhaps,  in  view  of  the  breadth  of  the  area  cov- 
ered by  the  glacier,  some  small  amount  may  have  been  occa- 
sioned bv  subterranean  heat 

(4.)  Mean  annual  discharge  of  tiie  (Jonnecticut  River  at  i/ie  time 
of  maximum  flood, — The  data  for  calculating  the  amount  of  dis- 
charge of  the  flooded  river  are :  (1)  the  estimated  mean  width 
of  the  river,  2,500  feet,  (the  reduced  estimate) ;  (2)  the  mean 
depth,  140  feet ;  and  (3)  the  mean  velocity,  which  we  may  take 
at  8  and  4  miles  an  hour.  The  length  of  the  river  from  Wells 
River  to  the  Sound  is  200  miles.  Hence,  6ftf  hours  for  3  miles 
an  hour,  and  50  for  4  miles,  would  have  been  required,  to  pass 
into  the  Sound  the  waters,  that  at  any  one  time  occupied  the 
channel. 

The  estimate  of  140  feet  for  the  depth  can  hardly  be  too 
great,  seeing  that  the  highest  terraces  are,  at  the  south,  200 
feet  high  above  modern  low-water;  and  to  the  northward,  200  to 
265  feet  The  view  that  the  range  of  upper  terraces,  including 
the  so  called  delta-terraces,  mark  approximately  the  high- water 
level,  is  the  common  one  with  all  that  believe  the  terraces  to 
be  oJF  fluvial  origin ;  and  I  feel  under  obligation  to  add,  inas- 
much as  the  different  idea  about  the  "normal  highest  terraces" 
and  the  "delt^  terraces"  of  the  Connecticut,  opposed  in  the 
earlier  part  of  this  paper,  is  from  one  of  the  New  Hampshire 
Geological  Reports,  that  this  accepted  view  is  that  sustained 
and  taught  by  Professor  C.  H.  Hitchcock,  the  head  of  the  New 
Hampshire  Survey. 

The  amount  of  water  lying  in  the  channel  at  any  one  mo- 
ment would  have  been  2'5H  cubic  miles;  and  the  daily  dis- 
charge, if  the  velocity  were  3  miles  an  hour,  nearly  0*9  (0*904) 
cubic  miles;  or  if  4  miles  an  hour,  nearly  1*2  cubic  miles 
(1*205).  At  the  two  rates  of  flow  mentioned,  the  amount  of 
water  discharged  during  a  year  would  have  been  about  330 
and  440  cubic  miles. 

(5.)  Annual  loss  of  ice  from  the  melting. — Now  comes  the  ques- 
tion how  much  of  this  water  came  from  the  melting  glacier-ice, 
and  how  much  from  the  cotemporaneous  precipitation;  or  how 
much  did  the  amount  of  water  exceed  the  amount  of  precipita- 
tion? 

If  all  of  the  water  came  from  the  ice,  the  amount  of  ice 
melted — taking  its  specific  gravity  at  0*92 — would  have  been, 
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at  the  two  rates  of  flow  in  the  river,  about  359  and  478*5  cubic 
miles.* 

The  amount  from  the  precipitation  to  be  deducted  does  not 
diminish  greatly  these  numbei's,  even  if  all  of  it  went  to  in- 
crease the  Hoods.  With  a  mean  annual  rain-fall  of  120  inches, 
or  10  feet,  this  amount  for  the  part  of  the  entire  d rai nage-areii 
north  of  Massachusetts,  would  be  only  16*1  cubic  miles:  and 
for  the  whole  draioage-area  to  the  Sound,  21*8  cubic  miles. 

This  amount,  21*8  cubic  miles,  is  too  large  by  the  amount 
which  would  have  been  lost  through  evaporation,  soil-absorp- 
tion, chemical  changes  in  and  beneath  the  glacier  making 
oxides  and  hydrates,  and  in  other  ways.  An  estimate  of  these 
losses  may  be  derived  from  the  modern  Connecticut. 

The  annual  discharge  of  the  Connecticut,  as  determined  by 
measurements  made  under  the  direction  of  General  G.  K.  War- 
ren, of  the  U.  S.  Engineer  Corps,  by  General  T.  (i.  E]lis,t  at 
Hartford,  Ct,  where  low  water  in  the  stream  is  almost  exactlv 
mean-tide  level,  it  being  only  '045  feet  below  it,  was  as  follows 
for  the  vears  mentioned  : 


War. 

DlMCbartre  in  (*ublc  feet. 

Vf«r. 

DificliarKe  in  cubic  fifl 

1872 

r):{8,07(»,()00.0(»(» 

1875 

ft70,<H9,000,000 

1873 

727.100.000,000 

1870 

706.291,000,000 

18U 

7;jH.i  0:5.000,000 

1877 

r)20,261, 000,000 

The  largest  of  these  sums,  that  for  1874,  corresponds  nearly 
to  5  cubic  miles  (more  exactly  4*98). 

The  amount  of  annual  precipitation  over  the  drainage-area 
7\ortli  of  Hartford  to  the  sources  of  the  Connecticut  (allowing  42 
inches  as  the  mean  for  the  part  north  of  MassaQhusetts  and  46 
inches  for  the  rest  north  of  Hartford),  averages  nearly  717 
cubic  miles.  Consequently  the  amount  discharged  at  Hart- 
ford in  1874,  was  69*5  per  cent  of  the  precipitation  ;  so  that 
the  loss  in  all  other  ways  was  little  over  30  per  cent.  In  1877, 
a  year  of  minimum  discharge,  the  amount  was  50  per  cent. 

The  proportion  of  70  per  cent  more  correctly  represents  the 
condition  in  the  era  of  the  glacier-melting  than  that  of  50;  for 
it  is  the  proportion  during  a  year  of  great  Connecticut  floods; 
and  these  floods  are  dependent,  in  nearly  all  cases,  (I)  on  the  large 
amount  of  snow  and  ice  of  the  winter  or  spring  season,  and  to 
11  considerable  extent  (2)  on  the  frozen  state  of  the  ground  over 
the  hill  slopes  and  much  of  the  country,  favoring  an  easy 
slipping  of  the  waters  over  the  surface  without  absorption  bv 
the  soil, — conditions  eminently  characteristic  of  the  era  of  the 

♦  The  rti)eoific  gravity  is  here  taken  too  hijj^li  because  of  crevaBseH  and  want  of 
oompactness  of  prhicier-ice ;  but  this  error,  for  the  calculation  of  which  no  specific 
(hitii  exists,  is  not  here  of  importanct*.  Helland  found  the  specific  gravity  of  fht^ 
ice  of  a  large  icelM)rg  only  0886,  this  low  rate  being  due  to  linear  air  buhbles 
which  thorou<rhly  permeated  it. 

f  Annual  Hept)rt  of  the  Chief  of  P'nj,'ineers  for  IS78.  Aj)pendix  W  14. 
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Glacial  flood.  This  point  is  further  exhibited  in  the  following 
table,  in  which  the  monthly  discharge  of  the  Connecticut  at 
Hartford,  for  the  years  1872  to  1877,  is  given  from  General 
Ellis's  Reports;  and  also  the  rainfall  (snow  included)  for  the 
same  years  at  Lunenburg,  Vermont,  two  miles  west  of  the  Con- 
necticut, in  lat.  44°  28'  N.,  long.  71°  44'  W.,  at  a  height  of 
1124  feet  above  the  sea;  Hanover,  New  Hampshire, — on  the 
east  bank  of  the  river,  in  lat.  43°  42'  N.,  long.  72°  17'  W.,^at  a 
height  of  530  feet  above  the  sea;  and  at  Amherst,  Massachu- 
setts, in  lai.  42°  22'  N.,  long.  72°  34'  W.,  at  a  height  of  267 
feet  above  the  sea;  the  first,  from  tables  kept  by  Dr.  H.  Cut- 
ting of  Lunenburg:  the  second,  from  the  Dartmouth  Observa- 
tory at  Hanover  (received  from  Prof.  R.  Fletcher) :  and  the 
third,  from  the  tables  of  Prof.  E.  S.  Snell.  The  table  .shows 
that  the  floods  are  not  the  immediate  effect  of  great  rains,  and 
this  is  plain  from  mere  inspection.*  So  in  the  Glacial  era,  the 
loss  of  water  by  soil-absorption  was  at  its  minimum,  by  grow- 
ing vegetation  almost  null,  and  by  chemical  processes  of  oxida- 
tion and  hydrationf  very  small,  while  ice  to  melt  and  melting 
and  frozen  ground  to  flow  over  were  essentially  indefinite  in 
extent. 

An  allowance,  therefore,  for*  the  loss  from  evaporation  and 
other  causes,  of  20  to  25  per  cent,  during  the  glacier-melting, 
cannot  be  far  from  right.  Taking  the  mean  of  these  numbers, 
22i  per  cent,  the  amount  for  the  whole  precipitation,  21*8  cubic 
miles,  becomes  16*9  cubic  miles  as  the  part  contributed  to  the 
discharge  of  the  flooded  river;  and  this  in  the  state  of  ice  is 
18*4  cubic  miles.  Consequently  all  the  discharge  but  this  por- 
tion would  have  been  derived  from  the  wasting  glacier — which 
makes  the  waste  |)er  year  (p.  367)  460*1  cubic  miles  if  the 
velocity  of  the  river  were  four  miles  an  hour,  and  340*6,  if 
three  miles,  the  former  equivalent  to  about  1*26  cubic  miles 
per  day,  and  the  latter  to  0*933. 

(6.)  Disappearance  of  the  Ice, — If  the  loss  of  ice  by  melting 
were  460*1  cubic  nnles  per  year,  and  this  amount  continued  to 
be  the  loss  uninterruptedly,  8,215  cubic  miles  of  ice  would 
have  been  carried  ott'  in  about  18   vears;    and  if  the  annual 

*Gijc  marked  exception  occurred  in  Au^st,  1856,  when  the  waters  of  the  river 
reached  a  height  of  23*33  feet  at  Hartford,  or  but  25  per  cent  short  of  the  bififheRt 
on  record  (that  of  May,  1854,  wlien  the  height  was  29-83  feet).  But  the  precipi- 
tation at  that  time  was  enormous,  having  been  in  that  Aut^ust  12*132  inches  at 
Amherst  (Snell),  and  11*68  inches  at  Wallingford,  Connecticut  (B.  F.  Harrison, 
in  this  Joum..  xxi,  497.  1881). 

t  The  loss  by  hydration  here  alluded  to  is  in  p;irt  tliat  used  in  making  the  clay 
of  the  glacier  discharge  which  is  abundant  in  Greenland  as  well  as  in  the  pro- 
ducts— bowlder-clay — of  the  Glacial  era.  Such  clay  has  been  made  by  the  de- 
composition of  the  feldspar  which  the  glacier-movements  grind  up,  and  when 
pure  contains  13  per  center  so  of  water.  The  decomposition  is  a  remarkable 
fact ;  but  it  is  possible  that  the  decomposition  of  the  algas  of  the  glacier  may 
have  made  carbonic  acid  to  promote  it. 
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1872. 
Jau. 
Feb. 
March 
April 
Mav 

• 

June 

July 

Aug. 

8ept 

Oct 

Nov. 

Dec. 


I  Discharge 

Id  millions 

of  cubic 

feet. 


29,288 
18,849 
22,437 
130.966 
82,164 
63,696 
26,918 
59,996 
53,388 
41,923 
62.897 
45,548 


135,491 

3-70 

96,674 

1-80 

71,721 

2-26 

62,031 

405 

139,213 

2-95 

74,110 

7  06 

55,018 

4-98 

28,293 

4-38 

17,412 

1-35 

19,310 

115 

15,865 

2-71 

17,965 

3-07 

Total    -638,070 

1874. 
Jau. 
Feb. 
March 
April 
May 
June 
JiJy 
Aug. 
Sept 
Oct. 
Nov. 
Dec. 

Total     733,103 


1876. 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept 
Oct. 
Nov. 
Dec. 


Montlily  precipitation. 

Lonen-      Han-        Am* 
bOTK*       oTer.      hentt. 


1-95 
305 
2-70 
207 
H-20 
7-34 
7-25 
12-79 
3-48 
2-47 
5  05 
5  00 


2-88 
2-80 
3-24 
0-40 
3*42 
4-.34 
5-64 
7-36 
2-62 
1-57 
0-75 


2  90 
1-81 
0-68 
3-40 
3-26 
3-44 
507 
201 
3-92 
1-30 
1-92 
1-08 


79,956 

64,400 

93,866 

160,766 

3-55 
360 
302 
2-75 

155,521 

4-70 

41,008 
22,016 
16,674 

7  05 
5-25 
1-25 

17,186 
16,930 
20,822 
17,156 

5-90 
1-60 
1-67 
2-81 

39*45   ;  30-78 


1-72 
3-59 
3-50 
0*52 
1-32 
3-46 
0-00 
0-42 
4-58 
0-53 
213 
4-30 


Total     706,291     4315     26'07 


i-6i; 

1-89 
9-87 
2*20 
311 
3-25 
7-07 
5-28 
6-20 
3-64 
4-48 
2-69 


61-35  I  37-28     4419 


5-46 
2  18 
1  -35 
6-03 
5-22 
506 
'116. 
2-69 
1-82 
0-85 
:i-54 
117 

36-53 


2-«0 
5-53 
710 
310 
3-96 
3-87 
4-84 
0-27 
3-71 
1-12 
2-49 
3-22 


41-51 


Diaeharge 

InmllUona 

of  cubic 

fwt. 


Monthly  predpltatton. 


Lunen- 
burg. 


1873. 
Jan. 
Feb. 
March 
April 
Mav 

• 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


I.. 


64,430 
45,123 
43.316 
181,780 
138,720 
26,400 
18.982 
17.270 
17.718 
66,780 
39,915 
66,726 


I 


Total'    727,160 


3-85 
3-35 
4*50 
2*65 
2*64 
2*00 
3-95 
2*50 
4-75 
5-45 
2*22 
2*65 


Han- 
over. 


305 
1-75 
3*54 
1-32 
1*21 
1*74 
5*91 
1  52 
3-83 
5*57 
2*38 
1-65 


1875. 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept 
Oct. 
Nov. 
uec. 


17.079 
27,023 
49,032 
146,049 
111,437 
35,607 
22,991 
31.971 
17,468 
27,387 
41,022 
43,583 


40-51 

3-60 
4-92 
305 
2-85 
3-73 
5*70 
2*55 
3-40 
4*35 
5-26 
2-92 
1-40 


3*92 
1-20 
2-55 
1-92 
3*94 
4*98 
2-70 
407 
1-94 
3-94 
1-63 
0*78 


1877. 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept 
Oct. 
Nov. 
Dec- 


17,600 
18,491 
93,253 
110,247 
45,374 
20,907 
25,475 
22,946 
18,089 
31,772 
75,825 
46,382 


215 
0-65 
6-40 
2-36 
1-05 
300 
4-22 
5*95 
2-05 
4-70 
3*65 
1-87 


2-70 
000 
2-57 
1*97 
103 
4-07 
8-48 
401 
0-91 
4-67 
3-81 
0*96 


Am- 
bem. 


301 
3*17 
3-18 
l-i4 
:i-91 
1-,5H 
2-9:5 
3-47 
477 
6-3fi 
3:)  I 

:<-3i 


33-47     40-95 


2-90 

3-62 
4-20 
3-3.1 
2-19 
2-89 
8-15 
6-16 
4-65 
3-89 
3-97 
1-03 


Total     570,649     4373     33-57     46-98 


2-52 
0-36 
6-97 
2-45 
1-93 
4-59 
6-47 
2-79 
0-91 
6-9S 
5-44 
102 


Total      526,261  ;  3804  ;  ,3518  142  43 


At  Norwich,  on  the  west  side  of  the  Connecticut  opposite  Hanover,  the 
precipitation  in  1872  was  41  inches,  in  1873,  36*57,  in  1874,  35*32;  greater,  ia 
each  case,  than  at  Hanover.     Schott  makes  the  annual  inean  at  Hanover  40-66. 

The  number  of  inches  of  snow  in  the  above  years  at  Lunenburg  and  HanoTer 
was  as  follows: 


Year. 
1872 
1873 
1874 


Luncnburv- 
1,39*50 
136*20 

118-85 


Hanover. 

28-76 
100-00 

77*70 


Year. 
1875 
1876 
1877 


LunenbnrK* 

122-45 

90-85 

42*76 


HaBorrr. 
106-73 
113-00 
32-00 


Th^  Retre^it  of  th^^  Olcuner,  3Yl 

OSS  were  340*6  cubic  miles,  the  same  work  would  have  taken 
ibout  24  years. 

8,215  cubic  miles  of  ice  are  equal  to  the  part  of  the  glacier 
estimated  to  have  occupied  the  drainage-area  of  the  Connecti- 
tut  at  the  time  of  maximum  ice. 

Supposing  the  above  numbers  approximately  correct,  we  are 
itill  far  from  a  knowledge  of  the  time  taken  during  highest 
lood  for  the  disappearance  of  the  ice  from  the  valley.  For  in 
Mxier  to  reach  a  conclusion  it  is  necessary  to  know  also, 

(1.)  The  approximate  amount  of  ice  that  was  still  in  the 
valley  when  the  epoch  of  maximum  flood  was  reached,  the 
estimate  made  being  the  amount  at  the  time  of  maximum  ice. 

(2.)  Whether  the  southward  movement  of  the  great  northern 
[lacier  still  continued,  and  was  adding  to  the  amount  of  ice. 

(3.)  What  was  the  amount  of  ice  contributed  at  that  time 
y  local  glaciers  within,  or  on  the  borders  of,  the  drainage-area, 
rhich  glaciers  used  some  of  the  precipitation  to  make  ice  for 
lelting. 

(4.)  Whether  the  melting,  instead  of  continuing  on  uni- 
f>rmly,  had  its  years  or  periods  of  interruption. 

(5.)  Whether  the  time  of  maximum  flood  was  not  quickly 
►assed,  even  in  one,  two  or  three  years,  so  that  the  discharge 
f  the  river  was  at  its  highest  stage  only  for  a  very  short  time 
nd  rapidly  declined  to  some  limit,  lessening  thereby,  both  the 
ale  of  flow  and  the  amount  of  water. 

With  doubts  on  points  so  important,  this  time-question  must 
e  set  down  as  of  impossible  solution. 

But  while  a  definite  answer  is  not  to  be  expected,  we  may 
Be  reason  for  the  following  general  inferences. 

a.  At  the  time  of  maximum  flood  the  ice  was  not  lying 
long  the  center  of  the  valley  producing  the  river  by  its  grad- 
al  melting,  and  retreating  nortnward  as  the  river  elongated  in 
hat  direction. 

The  amount  of  water  flowing  off^  with  a  velocity  of  three  or 
3ur  or  more  miles  an  hour,  making  the  great  flood,  was  too 
ast  to  have  been  generated  from  a  retreating  body  of  ice  in 
he  valley. 

6.  If,  as  Greenland  facts  authorize  us  to  believe,  sub-glacial 
ivers  of  large  size  and  energy  were  a  universal  feature  of  the 
Glacial  era,  these  streams  must  have  entered  on  a  career  of 
eal  progress  when  melting  began  in  earnest  As  they  en- 
arged,  the  icy  tunnels  they  had  hitherto  occupied  would  have 
>ecoroe  widened,  and  the  sub-glacial  chambers  have  extended 
.hemselves  in  all  directions,  undermining  the  heavy  glacier. 
A.nd  as  rapidly  as  this  removal  below  went  on,  the  deposition  of 
ihe  materials  of  the  ground  moraine — the  stones,  gravel,  earth  and 
jlay — long  before  initiated — would  have  gone  forward,  covering 

Am.  Joob.  801.— Tbikd  Sbribs,  Vol.  XXIII,  No.  187.— Mir,  ISSe. 


372    J,  D.  Dana — The  Flood  of  Comieetickit  River  Valley, 

with  till  the  glacier-buried  land.     But,  sublequently,  when  the 
rising  streams  had  volume  enough  to  make  the  lower  range  of 
terraces,  along  the  valleys,  the  roofs  of  the  tunnels  were  prob- 
ably, for  the  most  part,  gone.     The  ice  still  lay  over  the  land, 
covering  deeply  the  hills  and  mountains,  but  the  wide  channel- 
ways  were  open  to  the  day.     Evidence  of  this  is  affonled  by 
the  fact  that  these  lower  terraces,  like  the  higher,  are  free,  wiih 
rare  exceptions,  from  deposits  or  droppings  of  till  or  of  bowlders, 
such  as  would  have  come  from  an  overhanging  glacier.    But 
outside  of  the  terrace  plains,  up  the  hill  slopes  wherever  the 
ice  still  remained  in  force,  the  till  may  have  continued  to  fall, 
adding  later  to  earlier  till.     Other  evidence  that  the  streams,  as 
the  floods  rose  and  terracing  went  forward,  were  free  from  ice 
overhead  is  afforded  by  the  Lake  Ghamplain  and  St.  Lawrence 
valleys.     The    shell-bearing   seabeach   deposits  at    Montreal 
and  on  Lake  Ghamplain  could  hardly  have  been  formed  from 
a  thriving  growth  of  mollusks  and  other  marine  species  while 
the  glacier  lay  over  the  whole  region  to  the  Gulf,  a  distance 
from  Montreal  of  500  miles.     Whales  {Beluga  Vermoniana^  re- 
sembling much  B,  leucas  Gray),  and  seals,  inhabitants  of  the 
bays  of  Arctic  coasts,  would  never  have  made  their  way  be- 
neath such  a  cover  of  ice  to  Lake  Ghamplain,  a  region  also 
under  the  ice.     If  then  the  St.  Lawrence  valley  for  more  than 
500  miles  and  the  Lake  Ghamplain  region  were  free  of  ice, 
this  may  also  have  been  true  of  ihe  larger  valleys  of  New 
England  and  the  west. 

c.  It  follows  from  the  existence  of  a  cut  across  the  glacier 
along  the  St.  Lawrence  valley,  from  Lake  Ontario  to  the  Ocean, 
over  500  miles  from  east  to  west,  and  north  of  all  New  Eng- 
land, that  at  the  time  of  highest  flood  New  England  was  not 
receiving  additions  to  its  ice  through  the  southward  movement 
of  the  great  northern  glacier. 

d.  The  Gonnecticut  valley,  at  the  time  of  maximum  flood, 
derived  its  waters — apart  from  the  portion  supplied  by  precipi- 
tation— from  the  ice  of  the  bounding  slopes  of  the  valley  and 
of  the  wide  tributary  region.  Gonsequently,  the  melting  sor- 
faces  up  and  down  the  borders  of  the  valley  and  over  the 
slopes  east  and  west  to  the  limits  of  the  tributaries  would  have 
been  of  almost  indefinite  extent,  and  the  ice  thus  melted  might 
have  reached  the  amount  deduced  above — a  cubic  mile  per  day.* 

*  It  will  be  observed  that  such  conditions  were  well  fitted,  especially  towitd 
the  mountains  or  in  the  reg:ion  of  the  upper  sub-glacial  portions  of  the  tribu- 
tary streams,  to  produce  and  set  afloat  masses  of  ice  laden  with  till,  to  float 
down  a  tributary  to  the  Connecticut— a  kind  of  work  that  must  hftve  begun 
early  in  the  era  of  melting.  Reaching  the  wide  borders  or  flood-g^unds  of  thii 
river,  they  would,  for  the  most  part,  have  been  pretty  sure  to  have  become 
stranded  above  and  below  the  mouth  of  the  tributary,  owing  to  eddies  and  thai* 
lows;  and  there,  as  they  melted,  would  have  dropped  their  stones  and  eartii,  tod 
thus  have  helped  to  make  the  coarse  gravel  and  cobble-stone  beds  whidi,  in 
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e.  The  length  of  time  during  which  the  waters  stood  at 
naxinium  height  was  probably  less  than  five  years.  This 
iccords  with  the  following  facts:  that  the  terraces  marking  this 
jpper  level  have  much  less  extent  than  those  of  lower  levels; 
ihat  they  are  confined  more  narrowly  to  the  vicinity  of  the 
nouths  of  the  tributaries — the  transpoiters  and  distributers  of 
errace-material ;  and  that  they  are  absent  altogether  from  some 
ong  portions  of  the  valley,  except  quite  close  to  or  within  the 
nouths  of  tributary  streams.  As  already  remarked,  the  height 
»f  the  flo<xi  may  have  exceeded,  for  a  short  time,  the  deduced 
leights  by  10  or  20  feet;  and  a  wide  range  of  evidence  of  this 
nay  yet  be  made  out. 

/.  The  approximate  length  of  the  era  occupied  by  the  rise 
.nd  fall  of  the  flood  is  not  a  question  within  the  range  of  this 
>aper,  and  does  not  appear  to  admit  of  determination  by  any 
rf  the  facts  considered. 


Art.  XXXIX. —  On  Brazilian  specimens  of  Martite;  by 

Oevtlle  a.  Derby. 

The  opinion  has  lately  been  advanced  (M.  Gorceix,  Comptes 
Elendus  ae  TAcad.  des  Sci.,  No.  7,  1880;  Annals  da  Escola  de 
Vfinas  de  Ouro  Breto,  No.  1),  that  the  octahedral  crystals  of 
)Iigiste,  so  common  in  the  metamorphic  schists  of  Minas  Geraes 
ma  known  by  the  name  of  martite,  are  due  to  the  transforma- 
ion  of  pyrites.  That  this  is  true  of  some  of  the  crystals,  is 
)eyond  a  doubt,  but  a  recent  examination  of  fine  collections 
rom  typical  localities  indicates  that  a  large  portion  should 
•ather  be  con.sidered  as  produced  by  the  alteration  of  magnetite. 

In  a  lot  of  808  crystals  ranging  from  2  to  10""  in  diameter, 
collected  by  myself  from  a  single  locality  near  the  village 
)f  Itamb^  from  a  partially  decomposed  quartzose  micaceous 
ichist,  116  were  attracted  and  for  the  most  part  freely  lifted 
)etween  the  poles  of  a  small  horse-shoe  magnet,  and  of  these  57 
vere  freely  attracted  by  a  much  stronger  bar  magnet,  only  a 
ew  being  lifted  freely.  192  were  not  attracted  by  the  horse- 
ihoe  magnet,  and  251  showed  the  same  indifference  to  the  bar 
nagnet 

aaoT  places  to  the  north,  compose  the  topmost  portion  of  the  higher  terraces 
indezes  of  the  so-called  **  Karnes/')  The  stones  of  such  ice-floes  would  have 
leen  largely  from  northern  sources,  whatever  the  direction  of  the  stream  con- 
ributing  them,  as  explained  on  page  89. 

The  liability  of  floating  masses  to  strand,  and  to  drift  up  stream  as  well  as 
town,  in  consequence  of  eddies  along  the  sides  of  a  river,  is  illustrated  in  an  in- 
nmctiTe  way  on  the  Connecticut,  in  early  summer, by  the  great  crowd  (sometimes 
Dillions  together),  of  logs  (tree-trunks)  that  float  down  it  to  lumber-yards  in  If  as- 
ladiuMtts  and  farther  south.  Were  it  not  for  a  large  party  of  hands  to  look  out 
for  the  logs  and  keep  them  moving,  they  would  be  generally  ashore  before  going 
tar  on  their  course.     The  bends  in  the  stream  add  much  to  the  difficulties. 
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A  specimen  which  was  lifted  freely  by  both  magnets  gave 
a  black  strongly  magnetic  powder,  reacting  with  both  ferri- 
and  ferro-cyanite  as  well  as  with  sulphcyanite  of  potassium. 
Another  specimen  not  attracted  by  either  magnet,  gave  a  red 
powder  which  was  feebly  attracted  between  the  poles  of  the 
norse-shoe  but  was  not  influenced  by  the  bar  magnet  This 
gave  a  characteristic  reaction  with  sulph-  and  ferro-cyanite  of 
potassium,  but  with  the  ferricyaniie  only  gave  an  almost  im- 
perceptible blue  precipitate  which  was  immediately  lost  in  the 
coloration  due  to  the  great  excess  of  peroxide. 

A  specimen  extracted  from  a  greenish  micaceous  schist  from 
InGcionado  (locality  from  which  martite  was  first  described  bv 
Spix  and  Martins)  apparently  identical  with  the  Itamb^  rock, 
but  not  decomposed,  was  strongly  attracted  by  both  magoets 
and  gave  a  black  strongly  magnetic  powder  reacting  for  both 
per-  and  protoxide  of  iron.  From  a  similar  rock  from  Serro, 
partially  aecornposed,  two  specimens  were  extracted,  one  with 
a  brilliant  surface,  the  other,  somewhat  dulled.  Both  were 
magnetic  but  in  different  degrees  and  both  gave  the  reactions 
for  the  two  oxides,  but  the  powder  of  the  first  was  black  and 
of  the  second  red.  In  another  specimen  from  near  Serro,  small 
splendent,  strongly  magnetic  crystals,  giving  a  black  powder, 
were  embedded  in  compact  hematite.  In  another  small  lot  of 
brilliant  crystals,  all  were  so  strongly  magnetic  as  to  form  them- 
selves in  strings  of  four  or  five  on  both  magnets. 

In  these  experiments  all  possible  gradations  as  regards  mag- 
netism and  composition  between  typical  magnetite  and  oligiste, 
were  found.  Specimens  from  the  surface,  or  from  much  decom- 
posed rock,  will  naturally  be  of  pure  oligiste,  but  present  no 
external  evidence  of  the  change  from  magnetite  unless  it  be  an 
almost  imperceptible  dulling  of  the  surface  and  a  slight  coppery 
luster. 


Art.  XL. — A  method  for  determining  the  flexure  of  a  Telescope 
Tube  for  all  positions  of  the  Instrument;  by  J.  M.  Schaeberlf: 

In  all  observations  with  the  meridian  circle  only  the  maxi- 
mum astronomical  flexure  of  the  telescope  tube  is  determined 
directly  from  observations,  two  horizontal  collimators  being 
used  for  this  purpose.  This  maximum  flexure  is  then  assumed 
to  vary  as  the  cosine  of  the  altitude.  I  propose  in  this  paper 
to  give  a  very  simple  method  by  means  of  which  the  accuracy 
of  this  law  can  be  tested  directly  for  all  positions  of  the  tube, 
nothing  but  a  small  plane  mirror,  silvered  by  Draper's  proces?, 
being  required  for  this  purpose.  To  this  mirror  is  cemented  a 
circular  ring  of  cardboard  ot  just  sufiicient  thickness  to  prevent 
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the  mirror  from  touching  the  object-glass  of  the  telescope  to 
which  it  is  cemented  with  a  solution  of  gum  arabic.  The  cen- 
tering is  quickly  done  by  shifting  the  mirror  upon  the  spheri- 
cal surface  of  the  lens  until  the  reflected  image  of  the  horizontal 
wire  is  nearly  in  coincidence  with  the  wire  itself. 

In  experimenting  I  have  used  a  piece  of  plate  glass;  to  test 
the  surface  of  the  same  before  silvering,  the  image  of  a  distant 
brick  wall,  reflected  obliquely  from  the  glass  surface,  was 
examined  with  the  aid  of  an  excellent  2^  inch  achromatic ;  from 
a  number  of  pieces  one  was  selected  which  gave  a  sharp  image 
of  both  the  vertical  and  horizontal  joints  for  the  same  focus. 
A  beautifully  sharp  and  fine  image  of  the  wires  will  be  given 
by  such  a  mirror  (silvered  on  the  side  toward  the  object-glass) 
although  less  than  two  inches  in  diameter.* 

Let  m^  be  the  reading  when  the  micrometer  wire  is  in  coinci- 
dence with  the  reflected  image  of  the  fixed  horizontal  wire,  the 
telescope  being  pointed  to  the  zenith,  and  let  m  be  the  reading 
for  any  other  pointing.  Let  x  and  y  be  respectively  the  deflec- 
tions of  the  object-  and  eye-ends  of  the  tube  from  the  positions 
these  ends  would  have  if  there  were  no  flexure. 

L=  focal  length  of  objective. 

/=  distance  of  the  object-glass  from  the  line  about  which  the 
flexure  causes  it  to  revolve.  Placing  the  sines  and  tangents  of 
very  small  angles  equal  to  their  arcs,  the  linear  distance  of  the 
fixed  wire  from  its  reflected  image,  can  be  expressed  by  a  very 
simple  equation.     For  we  have,t 

""•"T//(  T""-T^  )=T^  •  ^^'m     therefore    • 
sm  1  \/        L  /     Lsm  1 


«^-i)+y= 


LettingI     —  l)=c  and        - — ^=F,    we  can  write 

ccp  -hy  =F 
c^  +y'  =F' 

«c"-hy"=F", 

eDC,  6vC* 

\i  f^  represents  the  maximum  astronomical  flexure  determined 
by  means  of  two  horizontal  collimators,  we  have 

*  The  focal  length  of  the  objective  used  is  eight  feet,  and  the  wires  made 
▼isible  in  precisely  the  same  way  as  in  taking  nadir  observations. 

\  The  flexure  really  gives  the  tube  a  curved  outline.     In  assuming  that  the 

(dumge  in  the  inclination  of  the  mirror  (due  to  flexure)  is  equal  to  — ; — ^  ^  (where 

I  om  Vfiially  be  taken  equal  to  the  distance  of  the  objective  from  the  nearest  face 
oCthe  cnbe,  to  which  the  tube  is  bolted)  only  very  small  terms  are  omitted  whjc)) 
pfUL  fffin&nSfy  be  neglected  as  inappreciable. 
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i: 


0 — ^0  yo 

hence  we  obtain 

^   -Alio  ^   -^\-^/o 

Representing  the  zenith  distance  of  the  pointing  by  z  we 
should  have 

(^••^'o+yo)  8in«'=ca;'+y'=F', 

provided  the  law,  that  the  flexure  varies  as  the  cosine  of  the 
altitude,  is  correct. 

If  the  measured  values  F,  F',  etc.,  are  not  satisfied  by  the 
above  equations,  the  residuals  will  furnish  data  for  obtaining 
the  form  of  the  function  which,  when  substituted  in  the  place 
of  sin  z,  will  best  represent  the  observed  readinga  Any 
sudden  apparent  change  in  the  flexure,  as  for  instanoe  the  shift- 
ing of  the  object-glass  in  its  cell,  could  be  observed  directly 
by  keeping  the  eye  at  the  instrument  while  it  is  being  revolved 
In  some  cases  it  might  be  well  to  fasten  the  mirror  to  the  cell 
instead  of  to  the  objective.  After  the  flexure  has  been  deter- 
mined, a  thin  strip  of  metal,  the  weight  of  which  is  exactlv 
equal  to  the  weight  of  the  mirror,  can  be  wound  around  the 
object  end  of  the  tube. 


Art.  XLL — On  the  dykes  of  Micaceous  Diabase  penetrating  the 
bed  of  Zinc  Ore  at  Franklin  Furnace^  Sussex  Cbunty,  Neic 
Jersey  ;  by  Ben.  K.  Emkrson. 

TH^j:  great  open  working  at  the  Taylor  mine  in  the  **  Buck- 
wheat Field,"  at  Franklin  Furnace,  is'carried  forward  for  a  long 
distance  with  a  width  of  perhaps  fifty  feet  and  a  depth  of  ninety 
feet.  As  the  limestone  bed  dips  90*^,  the  walls  are  vertical,  an3 
as  the  ore  body  in  this  limestone  bed  has  a  steep  pitch  to  the 
north,  the  mine  is  at  its  north  end  no  longer  worked  out  to- 
day, and  as  if  planned  specially  for  the  convenience  of  the 
minera,  a  great  vertical  dyke  20-22  feet  in  width  cuts  the  lime- 
stone and  the  ore  bed  at  this  point,  and  standing  vertically 
stretches  at  ri^ht  angles  across  the  mine  like  the  partition  wall 
of  a  burned  building.  Seventy  feet  above  the  floor  of  the 
mine  and  again  at  the  bottom  passages  have  been  cut  through 
the  dyke  to  get  at  the  ore  behind.  From  a  point  near  the 
southern  foot  of  the  dyke,  smaller  dykes  run  up  to  the  surface 
dipping  50°  S,,  widening  and  narrowing  and  sending  off  small 
branches.  These  smaller  dykes  do  not  exceed  two  feet  in 
thickness.     Twenty  feet  farther  south  another  dyke  more  inter- 
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ued,  and  never  more  than  six  inches  thick,  runs  nearly  to 
surface.  This  is  the  appearance  of  the  dykes  in  the  west 
1.  In  the  east,  the  dyke  last  mentioned  is  thicker  and  con- 
ous  from  top  to  bottom,  and  the  two  small  dykes  which  start 
he  west  from  the  foot  of  the  main  one  are  widely  separated. 
!  eflFect  of  these  dykes  upon  the  zinc  ores  is  remarkable, 
ge  portions  of  the  eruptive  rock  have  exactly  the  appearance 
n  amygdaloid,  but  the  amygdules  are  spheres  of  green  wil- 
ite  melted  out  of  the  vein,  and  such  arops,  together  with 
iklinite  could  be  found,  though  more  rarely,  in  the  coarsest 
c,  from  the  center  of  the  main  dyke.  The  smaller  branches 
ning  down  to  a  width  of  a  quarter  of  an  inch,  and  pene- 
ing  the  richest  portion  of  the  ore — the  '* green  silicate" — are 
nged  to  a  depth  of  a  quarter  of  an  inch  or  more  into  a  red 
>ery  mass,  which  retains  its  thickness  as  the  dyke  thins,  so 
.  dykes  less  than  an  inch  in  thickness  are  made  up  wholly 
the  brick  red  aphanitic  material.  In  the  thicKCi:  veins 
n  which  these  filaments  spring,  the  rock  as  a  whole  grows 
anitio  toward  the  contact,  while  the  scales  of  mica  are  even 
;er  and  are  arranged  parallel  to  the  contact  plane.  The 
<.  has  the  appearance  of  a  very  micaceous  diorite;  is  brown- 
gray  in  the  coarser  varieties  to  nearly  black  in  the  finer, 
varies  from  aphanitic  to  a  coarser  kind  where  the  red  mica 
bundantly  visible  to  the  eye,  and  more  rarely  small  black 
ites  appear.  It  is  of  high  specific  gravity  and  efiervesces 
ndantly  with  acid. 

licroscopically  it  resembles  closely  the  finer  grained,  dark 
>red  elaeolite  rock  from  Beemersville  which  there  seems  to 
in  oflFshoot  from  the  great  main  dyke,  and  it  was  for  this 
ion  as  well  as  to  observe  the  effect  of  the  large  admixture 
ihe  zinc  silicate,  investigated  with  the  microscope.  The 
imblance  was  not  sufficiently  close  to  make  it  probable  that 
dykes  of  the  two  localities  are  of  the  same  age  and  origin. 
Jnder  the  microscope  the  foreign  constituents,  franklinite, 
3ite,  willemite  and  calcite,  are  present  in  large  quantity  ; 
zincite  easily  mistaken  for  franklinite  from  its  opacity  but 
wing  on  the  thinnest  edges  a  deep  blood  red.  The  willemite 
specially  abundant,  both  in  round  drops  apparently  melted, 
reen,  semi-transparent,  fissured  by  many  cracks,  and  show- 
feeble  polarization, — and  in  broken  crystals  and  large  cleav- 
pieces.  It  resembles  olivine  in  many  ways,  having  a 
ngly  marked  but  irregular  rectangular  cleavage  and  a  very 
gh  surface  in  thin  sections,  but  it  polarizes  feebly  and  with- 
bright  colors.  In  this  respect  it  differs  from  the  normal 
emite,  which  was  sliced  for  comparison,  from  an  inch  out- 
i  of  one  of  the  small  dykes,  wnich  resembles  and  rivals 
ine  in  the  brilliancy  of  its  colors  in  polarized  light 
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The  normal  constituents  of  the  rock  are  labradorite,  augite, 
biotite,  apatite,  and  probably  magnetite,  though  one  cannot  well 
distinguish  the  latter  ingredient  from  the  franklinite.  The 
colorless  background  in  which  the  other  constituents  appear 
polarizes  in  large  irregular  patches,  and  for  the  most  part  shows 
neither  cleavage  nor  any  other  characteristic  by  whicn  it  can  be 
determined  in  its  present  decomposed  state.  A  small  portion, 
and  this  was  increased  by  treatment  of  the  slide  with  acid, 
shows  multiple  twinning  with  extinction  at  10°  on  either  side 
of  the  twinning  plane,  which  would  indicate  labradorite,  and 
it  often  combines  with  this  a  second  twinning  at  right  angles  to 
the  first.  Another  portion  shot  through  with  brightly  polari- 
zing scales  of  muscovite  resembles  a  decomposing  elseolite.  Ex- 
{)eriment8  with  regard  to  gelatinization  gave  uncertain  results, 
rom  the  presence  of  so  much  zinc  silicate,  but  some  portions 
which  did  not  seem  to  be  willemite  were  removed  by  acid. 

The  abundant  scales  of  biotite  are  with  great  frequency 
pierced  by  unusually  large  regular  prisms  of  apatite,  and  de- 
composition has  attacked  some  crystals  at  the  edge,  and  fol- 
lowing in  on  certain  layers  has  changed  them  into  an  aggre- 
gate of  colorless  scales  apparenily  of  silica.  The  augite  is  of 
very  light  brown  color,  and  appears  in  unusually  long  flat 
blaaes  from  the  great  development  of  the  orthopinacoid.  It 
is  without  absorption  and  extinguishes  the  light  at  87°  to  the 
vertical  axis.  One  finds  in  addition  scattered  crystals  of  much 
larger  size  ('2  mm.)  which  have  the  stout  form  and  the  color  of 
common  volcanic  augite,  and  in  several  instances  enclose  large 
fragments  of  willemite  and  franklinite,  or  willemite  and  pyrite, 
and  are  also  surrounded  by  a  greenish  zone  of  equable  width 
which  shows  aggregate  polarization,  and  consists  of  willemite 
and  calcite. 

In  other  varieties  of  finer  grain,  the  elongated  crystals  of 
augite,  and  plates  of  red  mica  similar  in  shape  and  size  to 
these,  are  more  abundant  and  fill  the  field  in  reticulate  arrange- 
ment, as  do  the  feldspar  needles  in  a  common  diabase.  More- 
over a  gray  or  greenish  gray  semi-opaqne  substance,  made  up 
of  scales  and  irregularly  rounded  particles,  is  gathered  in  gr^t 
quantity  around  these  crystals  so  that  they  are  often  alnfiost 
wholly  concealed  thereby,  and  look  like  caddis  worms  in  their 
cases.  This  is  the  seat  of  very  abundant  effervescence  wlieii 
the  slide  is  treated  with  acid,  but  is  only  partly  removed. 

The  feldspathic  constituent  appears  here  also  as  a  colorless 
background,  but  more  sparingly,  and  it  is  even  more  decom- 
posed than  in  the  coarser  rock.  It  differs  from  this  only  in 
enclosing  in  abundance  straight  acicular  microlites  which  are 
abundant  also  in  the  elongate  augite  crystals. 

The  finest  grained  black  rock  three  inches  from  the  contact 


£.  K.  Emerson — Dutbase  intersecting  2^nc  Ore.      379 

le  main  dyke  showed  under  the  microscope  a  uniform  gray 
md  difficult  of  resolution  and  resembling  that  of  a  phono- 
and  regularly  mottled  by  abundant  small  rounded  opaque 
a 

Then  examined  with  a  power  of  600,  it  is  found  to  show 
II  portions  of  a  colorless  isotropic  glass  which  is  crowded 
I  minute  particles  apparently  spherical  scattered  either 
ly  or  joined  three  or  more  together  into  moniliform  rods, 
inally,  densely  agglomerated  into  the  opaque  spheres  with 
3h  the  ground  is  mottled  These  products  of  the  devitrifi- 
3n  of  the  glass-base  bear  close  resemblance  respectively  to 
globulites,  margarites  and  cumulites  of  Vogelsang,  except 
they  do  certainly  polarize  light 

n  this  background  appear  (a)  large,  often  well-formed  crys- 
of  franklinite  or  magnetite,  (6)  very  abundant  clear  hex- 
lal  cross-sections  which  appear  to  be  apatite,  and  others 
er  and  clouded  with  the  included  microlites  which  may  be 
belite,  (c)  small  very  regular  sections  of  pale  brown  augite 
etimes  beautifully  twinned,  and  {d)  rare  scales  and  needles 
)iotite.  The  augite  crystals  are  often  in  flat  blades,  from 
large  development  of  the  orthopinacoid,  and  extended  in 
direction  of  the  vertical  axis  into  long  needles  with  well 
sloped  basal  cleavage,  which  resemble  somewhat  needles  of 
)lite,  but  extinguish  the  light  at  an  angle  of  37°  with  the 
ical  axis. 

he  larger  crystalline  constituents  described  are  here  scat- 
d  at  a  distance  from  each  other  in  the  semi-opaque  ground 
s  and  show  a  very  distinct  fluidal  structura 
inally,  in  the  jasper-like  material  of  the  narrow  red  Tfila- 
ils,  the  ground  is  in  thin  section  deep  red  and  the  mate- 
resembles  the  basic  volcanic  glasses  in  the  difficulty  of 
ing  a  transparent  slide.  The  ground  has  however  under- 
e  complete  or  almost  complete  devitrification  and  the 
city  is  caused  by  the  close  aggregation  of  minute  grains 
jmbling  those  of  the  preceding  variety  but  redder  and  even 
re  minute  than  they,  which  gave  when  the  light  could  be 
^en  through  the  thinnest  portion  of  the  slide  bright  aggre- 
3  polarization 

Juite  large  pieces  of  included  willeniite  and  zincite  occur 
ndantly.  The  zincite  is  of  so  deep  color  that  by  ordinary  . 
it  most  of  the  pieces  are  quite  opaque  and  only  here  and 
re  a  blood  red  light  penetrates  a  small  portion  of  the  sur- 
}.  Curiously  with  crossed  Nicols  these  masses  of  zincite 
IV  out  like  carbuncles  and  the  bright  red  of  the  background 
te  pales  beside  it.  It  is  at  the  same  time  quite  apolar. 
i  multitude  of  sharp  hexagonal  apatite  cross-sections  let 
ligbl  through  Uk-  dark  ground,  and  ihu  same  pale  brown 
;ite  and  red  mica  appear  as  in  the  other  varieties* 
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Art.  XLII. — On  the   Occurrence  of  Smaltite  in   Colorado;  by 

Malvern  W.  Ilks. 

A  vein  oP  cobalt-bearing  minerals,  containing  smaltite  in 
predominant  quantities,  has  recently  been  discovered  near 
Gothic,  Gunnison  County,  Colorado. 

The  vein  is  strong  and  well  defined,  indeed  projects  from  a 
granitic  formation  in  several  places.  This  property,  owned  by 
the  Sterling  Mining  Co.,  has  as  yet  receivea  but  little  develop- 
ment, but  sufficient  to  lead  one  to  believe  it  will  be  a  com* 
mercial  source  for  cobalt. 

The  vein  matter  contains  much  crystallized  calcite,  in  which 
are  irregularly  distributed  smaltite  and  erythrite.  There  is 
occasionally  noticed  a  small  amount  of  iron  pyrites,  and  alao 
very  beautiful  spongy  leaflets  of  native  silver.  The  vein  is 
particularly  free  from  siliceous  matter,  and  up  to  the  time  of 
writing,  we  have  been  unable  to  detect  any  associated  nickel 
mineral& 

A  sample  of  smaltite  obtained   from  the  surface  croppiogg 
yielded  thefollowing  results: 

Co *. 11-59 

Fe 11-99 

As 63-82 

SiO, 2-60 

Pb 2-05 

S 1 1-55 

Bi 118 

Cu 0-16 

Ni trace 

Ag J^ 

98*89 

A  purer  sample  yielded  15  per  cent  cobalt 
The  Gem,   and   other   mines,   near  Silver  Cliff,   Colorado, 
contain   a  number  of    nickeliferous     minerals,   and  a  small 
amount  of  cobalt 

The  writer  has  recently  detected  a  small  amount  of  nickel 
and  a  trace  of  cobalt  in  an  iron  pyrites  near  Granite,  Colorado; 
the  latter  mineral  bears  a  striking  resemblance   to  the  nick- 
eliferous iron  pyrites  found  at  Anthony's  Nose  on  the  Hudsonj 
River. 

Chemist,  Grant  Smelting  Co.,  Leadville,  Colorado. 
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'.  XLIII. —  On  Hie  occuttenee  of  Vanadium  in  the  LeadviUe 
Ores;  by  Malvern  W.  Iles. 

'  the  Evening  Star  and  ^tna  Mines,  I  have  detected  a 
lium  naineral,  occurring  in  a  pocket  surrounded  by  a  sili- 

gangue,  and  also  in  a  well-defined  seam.  In  the  Even- 
tar  mine,  the  vanadium  compound  is  associated  with  the 
lied  **  hard  carbonate  of  lead,"  and  is  found  as  an  incrus- 
i  upon  a  dark  chocolate-colored  siliceous  gangue,  which 
je  IS  in  turn  deposited  upon  nearly  pure  white  quartz, 
mineral  in  question  has  various  shades  of  color,  from  red 
llow,  and  may  be  described  as  orange-red,  reddish-yellow 
emon-yellow.  Both  the  red  and  yellow  specimens  give  a 
green  solution  when  treated  with  hydrochloric  acia,  and 
infrequently  the  chocolate-colored  mineral  gives  a  marked 
mt  of  vanadic  acid. 

of.  Silliman  has  called  attention  to  the  fact  that  a  choco- 
^lored  mineral,  found  associated  with  vanadinite,  also 
s  a  perceptible  amount  of  vanadium.*  The  reagents,  upon 
h  most  reliance  was  placed  to  detect  the  presence  of  vana- 

in  the  numerous  specimens  at  my  disposal,  were  hydrogen 
cide  and  potassium  ferrocyanide ;  and  the  property  Vana- 

com pounds  have  of  giving  a  green  solution  with  hydro- 
ic  acid  was  made  use  of.  Portions  of  the  brilliant  colored 
station  were  detached  from  several  specimens,  and  sub- 
id  to  a  chemical  examination ;  the  results  make  it  probable 
the  mineral  is  dechenite.     The  analysis  is  as  follows : 

SiO   -  - 36-86 

PbO 38-61 

ZnO 9-07 

V,0^ 9-14 

Fe,0, 2-59 

H,0 2-41 

CO,  0-48 


99-06 

the  estimation  of  vanadic  oxide  we  used  the  method  of 
pitating  the  vanadium  as  a  basic  lead  vanadate,  and 
jquently  decomposing  this  salt  by  means  of  dilute  sul- 
ic  acid;  the  concentrated  filtrate,  after  using  the  well- 
rn  precautions  to  ensure  removal  of  all  traces  of  lead,  was 
ferred  to  a  platinum  crucible,  the  sulphuric  acid  cautiously 
lied,  and  then  strong  heat  was  applied  with  a  blast  lamp 

complete  fusion  of  the  vanadic  oxide. 

lis  Joiiruul,  111.  xxii,  200,  1881 ;  Engineering  and  Mining  Journal,  Sept.  3d 
Transactions  American  Institute  of  Mining  Engineers. 
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Art.  XLIV.  —  (hi  Certain  conditions  attending  the  Oeological 
Descent  of  some  North  American  types  of  Fresh  -  water  giU- 
bearing  MoUm^ks ;  by  C.  A.  White. 

[Extracted  in  advance  from  the  Annual  Report  of  the  U.  S.  Geological  Surrey  for 

1882,  by  permission  of  the  Director.] 

The  following  remarks  are  extracted  from  an  article  entitled 
a  Eeview  of  the  non-marine  Fossil  Mollusca  of  North  Amer- 
ica. They  are  intended  to  apply  especially  to  the  fresh-water 
Mollusca  of  the  Laramie  and  Eocene  deposits  of  Western  North 
America,  and  their  descendants  now  living  in  the  Mississippi 
drainage-system,  and  are  offered  as  an  explanation  of  the  man- 
ner in  which  that  system  became  stocked  with  its  present  cha^ 
acteristic  molluscan  fauna,  and  doubtless  to  a  large  extent,  with 
its  ichthvic  fauna  also. 

When  we  attempt  to  trace  the  probable  lines  of  saccession 
or  descent  of  the  various  types  of  Mollusca  that  now  exist,  the 
difficulty  seems  especially  great,  when  casually  considered,  in 
the  case  of  the  fresh-water  gill-bearing  Mollusca. 

The  prevalence  of  the  sea  has  always  been   practically  uni- 
versal ;  and  the  vanou.««  movements  which  the  earth's  crust  has 
undergone  since  life  began  in  the  sea,  while  they  have  repeat- 
edly disturbed  or  destroyed  the  habitats  of  its  molluscan  deni- 
zens in  certain  localities,  and  many  of  the  lines  of  genetic  suc- 
cession of  types  that  had  from  time  to  time  become  established 
have  been  broken,  there  has  evidently  never   been   anything 
like  such  a  general  destruction  of  life  in  the  sea  as  would  either 
break  or  materially  interfere  with  the  greater  part  of  the  prin- 
cipal lines  of  such  succession,     in  short,  the  marine  fiela  for 
the  development  and   perpetuity  of  molluscan   life  has  been 
ample  and  nnV>roken  from  the  beginning  to  the  present  time, 
and  we  are  at  no  loss  to  understand    how  continuous   lines  of 
genetic  succession  of  its  denizens  may  have  extended  down 
through  all  the  geological  ages,  modified  it  is  true,  by  immedi- 
ately environing  and  cosmical  causes,  but  still  unbroken.    We 
may  at  least  conclude  that  if  every  molluscan  species  that  now 
exists  in  the  sea  has  not  been  lineally  derived  from  the  earliest 
molluscan  forms  that  have  existed  in  it,  there   have  been  do 
such  changes  of  its  physical  conditions  as  would  preclude  such 
a  possibility. 

When  we  come  to  the  .sliuly  of  the  fossil  pulmonate  Mollusca, 
especially  the  land-shells,  we  have  also  little  or  no  difficulty 
in  understanding  how  it  Ii.ms  been  possible  for  continuous  lines 
of  existence  of  these  mollusks  to  be  preserved  through  succesr 
sive  groloircial  periods  upon  any  continental  urea,  such  for 
ex:ini|>l(^  a.s  North  America,  notwithstanding  the  numerous  and 
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great  physical  changes  that  have  taken  place  within  its  area 
taring  those  period!  Being  air-breathei4,  nothing  has  appa- 
renlly  occurred  to  prevent  their  safe  migration  to  other  ground 
whenever  that  which  they  may  have  at  any  time  occupied 
becanie  uncongenial  by  reason  of  physical  changes,  because  as 
a  rule,  those  changes  were  effected  so  slowly  that  a  continuity 
of  congenial  habitat  for  such  mollusks  was  not  necessarily  bro- 
ken. They  were  thus  apparently  as  capable  of  preserving  a 
continuous  existence  through  successive  geological  periods  as 
the  marine  mollusca  were. 

Bat,  as  before  intimated,  when  we  come  to  the  study  of  the 
fossil  shells  of  the  fresh-water  gill-bearing  mollusca,  which   in 
their  living  state  must  necessarily  have  been  confined  to  fluvia- 
tile  and  lacustrine  waters,  it  is  not  easy  to  understand,  without 
a  special  explanation,  how  continuous  genetic  lines  could  have 
been  preserved  (as  we  find  they  were  preserved   even  down  to 
the  present  time)  through  a  succession  of  geological   periods, 
during  which  the  great  lakes  of  the  Laramie  and  succeeding 
Tertiary  periods,  as  we  know,  and  all  the  rivers  which  flowed 
into  and  from  them,  as  is  generally  but  erroneously  believed, 
have   been   successively  obliterated.*      Elvers  are  separated 
from  each  other  by  intervening  land,  and,  running  to  the  sea, 
their  mouths  are  separated  by  marine  waters,  neither  of  which 
barriers  are  fresh-water  gill-bearing  mollusks  capable  of  passing. 
But  if  it  can  be  shown  that  throughout  those  geological  periods 
and  down  to  the  present  time  there  has  been  direct  continuity 
of  fresh  water  by  means  of  lakes  or  rivers,  or  both,  the  case  is 
plain  enough.     Indeed,  as  precarious  as  the  existence  of  con- 
tinuous life  of  that  kind  may  seem   to  have  been,  under  the 
circumstances  of  such  vast  physical  changes  as  are  known  to 
have  occurred,  we  are  forced  to  conclude  that  it  is  in  this  direc- 
tion that  we  must  seek  for  an   explanation  of  the  manner  in 
which    were  preserved  the   fresh-water  molluscan   types  that 
have  been  found    in  the  various  groups  of  North   American 
Mesozoic   and  Cenozoic  strata,    and  that  we  also  find  among 
living  mollusca.     That  is,  they  have  been  preserved  through  a 
continuity  of  habitat  in  the  congenial  fresh  waters  of  lakes  and 
rivers,  flourishing  in  the  lakes,  when  they  existed,  as  well  as  in 
the  rivers,  and  escaping  by  the  streams  which  were  the  former 

*  It  may  be  sug^sted  that  the  distribution  of  these  forme  from  one  river  or 
river  system  to  another,  may  have  taken  place  by  the  transportation  of  the  mol- 
lusks or  their  eggs  by  aquatic  birds.  While  Ruch  transportation  is  admitted  to 
have  been  possible  in  some  cases,  it  cannot  be  admitted  as  a  probable  cause  of 
any  considerable  part  of  the  distribution  that  must  have  occurred  during  the 
several  geological  epochs  in  which  the  mulluscan  types  referred  to  are  known  to 
have  existed.  Notwithstanding  the  annual  migration  of  myriads  of  aquatic  birds 
between  the  northern  and  southern  portions  of  North  i^merica  ever  since  it  has 
been  a  continent,  the  fresh- water  molluscan  fauna?  of  those  regions,  respectively, 
are  stiU  distinct. 
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outlets  and  inlets  of  the  lakes,  but  which  continued  to  flow 
after  the  obliteration  of  the  latter,  as  rivers  or  tributaries  of 
river  systems. 

Lakes  are  only  parts  of  unfinished  river  systems  which  dis- 
appear when  the  system  is  finished  by  the  erosion  of  its 
channel  to  a  nearly  uniform  slope.  A  lake  cojisequently 
contains  essentially  the  same  aquatic  fauna  that  the  fluviatile 
portion  of  the  system  does  in  case  the  water  of  the  lake  is 
wholly  fresh ;  or  a  modification  of  that  fauna  if  the  water  is 
more  or  less  saline.  The  great  lakes  of  the  Tertiary  and 
Laramie  periods  have  successively  become  obliterated;  but  we 
may  reasonably  conclude  that  at  least  a  part  of  the  river  chan- 
nels of  to-day  have  existed  as  such  from  former  geological 
times ;  that  the  greater  part  of  them  were  established  in  epochs 
anterior  to  our  own,  and  that  those  of  some  of  the  tributaries 
of  the  present  Mississippi  River  system  are  identical,  at  least 
in  part,  with  former  outlets  or  inlets,  or  both,  of  the  great 
ancient  lakes  which  have  been  referred  to.  Consequently  we 
may  reasonably  conclude  also  that  the  molluscan  fauna  of  the 
Mississippi  River  system  is  lineally  descended  from  the  faaofi 
of  those  ancient  lakes,  and  the  river  systems  of  which  they 
constituted  lacustrine  portions.  This  view  is  confirmed  by  the 
identity  of  the  living  with  the  fossil  molluscan  types  which 
have  been  found  so  abundantly  in  those  Laramie  and  Eocene 
deposits. 

In  these  remarks  the  ancient  Laramie  sea  is  included  under 
the  term  "lacustrine,''  the  term  **sea"  being  used  simply  to 
indicate  that  its  waters  were  saline  and  not  fresh;  just  as  the 
Black  and  Caspian  are  called  seas  instead  of  lakes,  and  for  the 
same  reason.  It  may  seem  to  be  the  use  of  a  misnomer  to 
speak  of  the  Laramie  sea  as  a  part  of  a  river  system,  because 
it  was  so  immensely  large,  and  the  continental  area  which  was 
drained  into  it  was  proportionally  so  small,  but  if  these  views 
concerning  the  conditions  which  then  existed  are  correct,  that 
sea,  with  its  tributaries  and  outlet,  differed  only  in  degree  and 
not  in  kind,  from  any  river  system  which  has  a  lake  of  any 
size  in  its  principal  course.  The  waters  of  that  sea  having 
been  saline,  the  Laramie  hydrographic  system  more  nearly 
resembled  that  of  the  Black  Sea  than  any  other  now  existing 
that  is  equally  well  known  ;  and,  although  that  ancient  sea  has 
long  since  disappeared  from  the  face  of  the  earth,  its  "  Helles- 
pont" still  flows  as  a  part  of  the  Missouri  River,  or  of  some 
one  of  its  tributaries. 

Rivers  have  of  course  existed  ever  since  a  sufficient  extent 
of  continental  surface  was  raised  above  the  sea  to  accumulate 
the  watere  that  fell  from  the  clouds;  and  in  view  of  the 
mighty  changes  that  have  taken  place  during  the  progressive 
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jrowth  of  the  North  American  continent,  especially  the  eleva- 
iion  of  its  great  mountain  systems  and  plateaus,  it  would  be 
latural  to  suppose  that  the  earliest  rivers  at  least  have  been 
>bliterated.  Some  have  no  doubt  been  obliterated,  but  con- 
trary to  what  has  been  the  general  belief,  the  recent  labors  of 
Powell,  Dutton  and  others  have  shown  that  the  rivers  of 
N'orth  America  have  been  among  the  most  persistent  of  its 
physical  features;  that  many  of  them  are  older  than  the 
mountain  ranges  -of  the  regions  which  the  rivers  traverse,  and 
that  they  have  not  yielded  their  **  right  of  way"  when  the 
mountain  ranges  and  plateaus  were  raised,  but  continued  dur- 
ing and  after  that  elevation  to  run  in  essentially  the  same  lines 
which  they  had  chosen  when  the  region  they  traversed  was  a 
plain  instead  of  a  mountainous  one.  That  ancient  river  sys- 
tems have  been  in  some  and  perhaps  many  instances,  to  a 
greater  or  less  extent  divided,  as  a  consequence  of  unequal 
continental  elevation,  or  from  other  causes,  is  quite  certain ; 
and  it  was  doubtless  in  part  by  this  means  that  the  dispersion 
of  freshwater  mollusca  into  diflFerent  river  systems  has  been 
effected.  That  some  formerly  existing  rivers  have  been  oblit- 
erated and  their  molluscan  faunse  destroyed  is  doubtless  also 
true,  but  these  facts  do  not  necessarily  aftect  the  correctness  of 
the  view  concerning  the  general  persistent  integrity  of  rivers 
and  river  systems  which  has  been  referred  to.* 

The  coalescence  of  separate  minor  drainage  systems  by  the 
confluence  of  their  lower  portions  into  a  common  channel  dur- 
ing the  progressive  elevation  of  the  continent  has  also  been  an 
important  means  of  the  dispersion  of  fluviatile  Mollusca.  By 
euch  coalescence,  what  were  once  separate  rivers  or  minor 
drainage  systems  became  parts  of  larger  ones ;  as,  for  example, 
the  union  of  the  separate  peripheral  members  of  the  great 
Mississippi  Eiver  system,  which  now  forms  a  common  drain- 
age for  the  principal  part  of  the  continent.  The  Ohio  and 
Upper  Mississippi,  the  two  most  ancient  portions  of  the  present 
great  system,  were  once  separate  rivers,  emptying  into  a 
northern  extension  of  the  Great  Gulf;  and  it  is  practically 
certain  that  neither  of  them  received  that  portion  of  the  mol- 
luscan fauna,  which  now  so  strongly  characterizes  them,  until 
after  the  confluence  with  them  of  the  western  portions  of  the 

*  The  discovery  of  so  few  traces  of  fliiyiatile  deposits  as  have  been  made  among 
the  strata  of  the  earth  is  probably  due  to  the  persistent  adherence  of  rivers  to 
their  ancient  diannels.  When  land  upon  which  rivers  have  formerly  run  has 
sabsided  beneath  the  level  of  the  sea,  the  fluviatile  deposits  were  doubtless  de- 
stroyed by  the  encroaching  marine  waters.  If  the  land  continued  to  rise,  as  has 
been  so  generally  the  case  in  the  gradual  production  of  the  North  American  conti- 
nent, the  earlier  river  deposits  were  swept  away  in  later  times  by  their  own 
waters,  as  their  valleys  were  broadened  and  deepened.  It  is  therefore,  as  a  rule, 
only  in  the  deposits  of  lacustrine  portions  of  ancient  river  systems  that  their 
faunee  have  been  preserved. 
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present  great  river  system  nhicb  brought  that  fauna  from  its 
ancient  home  in  the  western  part  of  the  continent 

Rivers  having  been  thus  persistent,  and  the  manner  in 
which  confluence  of  the  waters  of  many  of  them  has  beea 
effected  being  understood,  it  is  no  more  remarkable  that  Ihe 
types  of  fresh-water  gill-bearing  mollnaca  have  come  down  to 
us  prnctically  unchanged,  than  it  is  that  marine  and  land  mol- 
lusks  have  reached  us  bearing  the  imprint  of  their  reallj 
ancient,  but  what  we  have  been  accustomed  to  call,  modern 
types. 

Not  only  have  the  molluacan  denizens  of  the  great  Misaia- 
sippi  drainage  system  descended  to  their  present  habitat  in  the 
manner  suggested  ;  but  there  is  no  reason  to  doubt  that  a  large 
part  of  the  fishes  of  that  system  descended  in  the  same  manner, 
and  in  company  with  ihem.  This  is  thought  to  be  especiallT 
true  of  the  characteristic  Ganoids  of  that  system.  The  progeni- 
tors of  many  of  the  fresh-water  fishes  may  have  ascended  ftwn 
the  aea  by  the  mouths  of  the  rivers  which  have  since  coalesced 
to  form  that  great  river  system  ;  but  it  is  believed  that  all  did 
not  do  sa 

Both  molluscan  and  ichthyic  life  doubtless  began  in  the  sea: 
and  it  seems  at  least  probable  that  the  freshwater  denizens  of » 
large  part  of  both  tnese  classes  became  such  by  compulsion 
rather  than  from  choice.  That  is,  their  original  progenilors 
were  probably  land-locked  by  the  gradually  and  uneqniillr 
rising  portions  of  the  sea-bottom  which  thus  becunie  portion'^ 
of  the  respective  continenL'i :  and  they  were  compelled  to  etilipr 
accustom  themselves  to  the  gradually  freshening  waters,  from 
which  ihey  could  not  escape,  or  die.  That  many  freab-Wflte 
forms  have  arisen  by  dififerentiation  after  their  original  pre- 
genitora  were  thus  entrapped  is  evident;  bat  this  differenlia- 
tion,  at  least  among  the  Mollusca,  has  been  slight  and  very 
slow,  compared  with  what  took  place  among  the  marine  n^y. 
sentatives  of  those  classes  during  the  same  geological  periods 
Indeed  a  large  number  of  the  types  among  the  Mollusca  of  llif 
Mississippi  drainage  system  have  come  down  wholly  anchanpJ 
from  a  time  at  least  as  remote  as  the  Laramie  Period. 
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.  XLV. — Measures  of  ike  Rings  of  ^tum  in  the  years  1879, 
1880,  1881  and  1882;  by  Edward  S.  Holden. 

his  memoir  entitled  Reckerches  sur  Saturne,  ses  anneata:  el 
Uelliles  (1880),  Mr.  W.  Meyer  gives  the  results  of  his  recent 
rvations  with  the  10-incb  equatorial  of  the  G-eneva  Obserr- 

•me  of  these  results  will  not  be  received  without  criticism, 
I  they  go  to  show  thai  the  ball  of  Saturn  is  excentrically 
.ted  in  the  ring-system,  and  that  the  breadth  of  this  system 
't  alike  on  the  two  aides.  Specifically  M.  Meyer  says,  "je 
rde  done  comme  6tabli  par  !es  observations  qu'  d  l'6poque 
tiles  ont  ^t^  faites,  la  largeur  de  Vanneau  de  Saturne  a  ile 
forte  d  son  e6le  ouest,  el  que  le  centre  mSme  de  la  planele  Hail 
pres  de  Cexlremile  est  de  Vannean  que  I'antre."  The  results 
s  measures  are  given  in  table  XI  of  his  memoir,  and  in  a 
■■  which  accompanies  the  present  note. 


order  to  make  observations  of  this  class  readily  compar- 
I  have  adopted  a  simple  nomenclature  which  will  cover  all 
ibie  measures  which  can  be  made  on  Saturn.  I  have  em- 
ed  this  in  an  extended  examination  of  all  the  published 
rings  of  Saturn  known  to  me;  and  I  take  this  opportunity 
aking  for  a  notice  of  the  existence  of  rare  drawings  of 
irn,  of  those  privately  printed,  and  ao  forth.  This  system 
lown  in  connection  with  a  drawing  of  Saturn  which  was 
le  at  this  observatory,  1881,  November  27.  The  letters  at 
bottom  of  the  drawmg  relate  to  points  along  the  major  axis 
he  ring. 

is  the  east  end  of  the  major  axis. 

islhe  pencil  line  so-called  (seen  Nov.  27,  1881).    It  is  too 
id  in  the  cut 
.  JoDB.  Sai.— Tbud  Suub,  Vol.  XXni,  No.  18T.— Mai,  iaS2. 
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c  is  the  middle  of  the  principal  division. 

d  is  the  point  in  ring  B  where  the  shading  off  begins;  it  is 
a  definite  point. 

e  is  the  outer  edge  of  the  dusky  ring. 

/is  the  inner  edge  of  the  dusky  ring. 

g  is  the  east  limb  of  the  planet 

The  remaining  letters,  h  ,  ,  .  ,  n^  refer  to  the  west  half  of  the 
system. 
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It  is  unnecessary  to  remind  anyone  who  has  looked  over  the 
great  number  of  papers  on  Saturn,  that  for  the  want  of  a  simple 
system  of  referring  to  the  planet's  features  we  are  often  Id 
doubt  as  to  what  points,  measures,  and  especially  descriptions, 
refer.  So  fur,  we  have  only  the  nomenclature  of  Struve  who 
called  the  outer  ring  A,  the  inner  B,  and  the  dusky  ring  C. 

The  accom))nnying  table  contains  about  all  the  useful  meas- 
ures which  have  been  made  on  this  system  since  1826. 
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In  the  last  column  are  given  those  of  M.  Meyer,  which  are 
)y  far  the  most  complete  as  to  scope,  and  which  are  still  in 
)rogress.  From  these  it  will  be  seen  that  his  measures  place 
he  ball  of  Saturn  excentrically  in  the  rings,  and  that  the 
vidth  of  the  ring  system  is  not  alike  on  both  sides. 

Of  course,  such  conclusions  need  confirmation,  as  they  are 
ontrary  to  some  of  the  most  complete  series  of  observations 
vhich  we  have. 
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♦  Bond^s  results  are  given  in  terms  of  an=r000,  and  not  in  arc.  To  utilize 
leni  1  have  supposed  an=40''-47,  by  which  they  become  directly  comparable 
ith  Mayer's,  the  most  complete  series. 

f  All  the  measures  previous  to  1880  I  have  treated  on  the  supposition  that  they 
ive  a  symmetrical  figure  to  ihe  system.  1  believe  that  the  original  measures  of 
tnive  (1826)  and  of  Secchi  (1854)  differ  slightly  from  this  supposition,  but  as  1 
ave  not  access  at  present  to  th.  ir  original  papers,  1  have  borrowed  the  data  from 
Lavser's  Memoir  in  the  Leyden  Observations,  vol.  iii. 

t  Lassell  in  1852  wrote  to  0.  2.  that  v  =  0-56  hj. 

^  In  Bond's  later  (unreduced)  observations  given  in  the  same  volume  of  the 
Tanrard  College  Observatory  Annals  as  his  first,  he  usually  estimates  ef  as  less 
ban  one-half  of  ge. 
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I  have  made  some  measures  of  this  system  which  are  inter- 
esting in  this  connection,  and  which  I  shall  give  here  althooeh 
the  series  is  not  finished.  They  all  relate  to  the  position  of  the 
dusky  ring  C ;  and  the  position  of  the  points/and  i  is  invaria- 
bly referred  to  (the  middle  of)  the  principal  division,  that  is,  to 
the  points  c  and  I.  The  observations  were  made  in  1879  and 
1880  with  the  26-inch  equatorial  at  Washington,  and  in  1881 
and  1882  with  the  15-incn  equatorial  here. 
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These  instruments  are  provided  only  with  filar  micrometers 
and  are  therefore  not  suitable  for  measuring  diameters  and  dis- 
tances such  as  occur  in  Saturn.  This  work  properly  belongs 
to  .the  heliometer  and  the  main  part  of  it  will  undoubtedly 
soon  be  done  at  the  Strasshurg  Observatory.  But  no  heliorf* 
eter  now  built  has  light  enough  to  deal  effectively  with  tb 
dusky  ring,  and  I  therefore  confined  my  measures  with  tl^ 
Washington  equatorial  to  that  ring.   The  measures  were  referr^ 
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i  of  ihe  black  division  and  not  to  some  other 
for  obvious  reasons. 

I  the  distances  were  measured  parallel  to  the  major  axis  of 
ng.  In  the  "Washington  series  they  were  single  distances, 
set  usually  containing  four;  at  Madison  all  are  double 
ices,  four  in  each  set 

lay  add  that  it  is  my  experience  that  the  dusky  ring  is  an 
t  which  requires  to  be  mmsured  under  a  high  magnifying 
r,  although  it  often  seems  to  be  better  seen  with  a  Tow  one. 
Don  as  measures  commence,  however,  the  advantages  of 
igh  power  become  apparent 


■oatioiu  of  Saturn's  Dusky  Ming 
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atorial  at  Washington  in  1879,  and  reduced  to  J=9-6369. 
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Observations  of  Saturn's  Dusky  Ring  made  with  the  15|-ih(A 
equatorial  of  the  Washburn  Observatory  in  1881  and  1882, 
reduced  to  J=9-6969. 


So. 

^U^: 

'f 

"          .           " 

«■■ 

X-' 

Sdt 

20 

Deo.     S 

37-8 

260  1  3 

douiTd 

31 

S 

V-3B 

Vse 

260;  3 

-KI31 

12 

9 

6-34 

4301  3 

+  031 

33 

14 

6-G2 

670 

430  1  2 

+fl-is 

34 

IT 

6-02 

6-80 

430     3 

+  91! 

35 

IS 

6-36 

6-eo 

4301  i 

4n!( 

36 

33 

6-47 

703 

430    b 

+  0(} 

37 

33 

6-1 G 

6-lli 

T.".  a 

-i-n-uo 

38 

36 

6-S3 

6-78 

7B0l  i 

*m 

39 

36 

aV-BO 

iv9 

7E0     4 

■t-DilS 

30 

2S 

38-31t 

38-2 

750     1 

-O'lO 

31 

30 

V-76 

430,   2 

+  H8 

83 

31 

6-83 

6-82 

430,  4 

-0-fll 

33 

31 
IBS'J 

aV-B8 

28'fl 

430     4 

+  0139 

34 

Jbd.      3 

37  96 

27-9 

-430  '  4 

+(!■« 

3S 

6'47 

'ink 

430 

3 

+  MS 

3fl 

2B-iD 

2¥-3 

430 

4 

37 

Feb.     e 

37-83 

28-0 

SCO 

3 

+  0-I1 

38 

7 

37-83 

28-2 

260 

3 

+  (!■« 

Mmqe, 

37-a9±0-0B0 

fi-49±n-[l40 

28  06±0 

0418-6.'i±0-OBl 

Z 

+  0-19 

No.  obB. 

(7) 

(11) 

_^B1 

.        (II) 

(IS) 

I  can  say  that  the  Washington  observations  were  made  un- 
der good  circumslances,  with  sufficient  magnifying  powers  and 
present  a  satisfactory  agreement  among  themseWes.  (Their 
accidental  errors  are  materially  less  than  those  of  the  Genevt 
series.)  Also  the  Madiaon  observations  are  entirely  satisfac- 
tory to  me.  The  difference  between  the  two  series  is  so  Tar, 
not  explained.  A  constant  difference  between  the  width  of 
the  rings  B  and  C  west  and  east  is  uniformly  shown  in  both 
the  Geneva  and  the  other  series. 

The  greater  precision  of  measures  having  t  as  a  terminsl 
point  will  be  noticed  and  it  agrees  with  remarks  made  in  my 
observing  books. 

According  to  M.  Mayer  1880;  c/— K  =  -f  0''46 

According  to  Washington       1879;  =-}-  0'*" 

According  to  Washington       1880;  =+  0-1(1 

According  to  Madison  1881-2;  =-(-  0-18 

It  ia  somewhat  remarkable  that  the  four  entirely  indcpeuiienl 

series  of  observations  agree  in  giving  a  value  of  cf  materially 

larger  than  U.     In  the  case  of  my  own  observations,  I  have 
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jn,  and  I  am,  somewhat  skeptical  as  to  the  reality  of  this 
ference.  In  a  system  so  complicated  as  that  of  Saturn  con- 
nt  errors  may  easily  creep  in.     It  was  for  that  reason  that  I 

1  constructed  in  Washington  the  terrestrial  eye-piece  which, 
fortunately,  I  could  use  only  on  two  nights.  The  terrestrial 
e-piece  for  Madison  is  of  too  low  a  power  for  advantageous 
3,  and  I  propose  to  replace  it  by  one  of  higher  power.  By 
lug  this  in  connection  with  the  regular  astronomical  eye- 
5ces,  the  existence  of  any  personal  diflference  which  may 
ist  between  measures  east  and  those  west  will  show  itself  in 

2  measures  themselves,  and  I  propose  to  carry  these  on 
til  some  satisfactory  solution  of  these  systematic  differences 
reached. 

So  far  I  have  only  considered  the  residuals  cf—liy  and  they 
ow  a  satisfactory  agreement  throughout  my  own  three  series 
d  agree  with  those  of  M.  Meyer.  When  we  come  to  con- 
ler  the  absolute  values  of  the  things  measured  the  discrepan- 
js  are  relatively  enormous.  For  example,  c/\n  1879  I  found 
be  7"-50±0^04  from  thirteen  nights,  while  in  1881  I  found 
to  be  6"-63±0"-051  from  eleven  nights 
I  can  scarcely  believe  that  even  in  these  delicate  measures  I 
uld  make  a  constant  error  of  nearly  1"  in  arc  in  the  measure 
a  distance  of  7".  Nor  can  I  accept  the  explanation  that  the 
stance  c/'has  changed  by  1"  in  this  time;  certainly  not  with- 
it  further  proof.  My  reason  for  presenting  the  question  in 
is  unsolved  state  is  that  by  so  doing  M.  Meyer's  conclusions 
ay  be  examined  more  closely  by  those  possessing  large  tele- 
opes,  and  as  other  measures  appear  to  present  the  same  anom- 
ies,  certainly  I  shall  endeavor  to  present  further  evidence  on 
is  point 

I  do  not  believe  that  the  difference  in  the  telescopes  employed 
IS  anything  material  to  do  with  the  diflference  in  results.  The 
ges  of  ring  C  were  well  seen  in  both  telescopes. 
I  add  a  few  measures  of  the  position  of  belts  on  Saturn's  sur- 
je  made  in  1878.  I  did  not  continue  these  measures  longer 
no  useful  result  seemed  to  be  promised. 
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Washington  measures  of  Belts  on  Saturn. 
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N.  B. — The  measures  in  columns  A  and  B  are  as  follows:  A = distances  of  the 
south  edge  of  the  bright  equatorial  belt  of  Saturn's  southern  hemisphere  from  the 
major  axis  of  the  ring;  and  B=di8tance  of  the  center  of  the  dark  band  in  Satam's 
northern  hemisphere  from  the  major  axis  of  the  ring. 

I  may  add  here  that  I  have  recently  reduced  the  Washington 
observations  of  tlie  position  angle  of  the  major  axis  of  Saturn's 
ring  and  determined  the  inclination  of  the  plane  of  Saturn's 
ring  to  the  plane  of  the  orbit  of  Saturn,  The  observations 
were  made  on  seventy-seven  nights  in  the  years  1877,  1878 
and  1879  which  were  favorable  for  this  purposa  The  26-inch 
equatorial,  the  filar  micrometer  and  eye-pieces  magnifying 
from  400  to  800  times,  were  employed.  The  reductions  We 
been  made  by  BesseFs  rigorous  formulae  given  in  his  Ahhand- 
lungeii,  vol.  i,  p.  821.  The  quantity  sought  is  i\  which  is  the 
inclination  of  the  plane  of  Saturn^s  ring  to  the  plane  of  Saturn's 
orbit ;  the  results  are  as  follow  : 

From  the  forty  observations  of  Professor  Hall  we  have  for 

1877-948=1877,  Dec.  11;  f=2Q°SS'41'±l''S1.     The  probable 
error  of  a  single  observation  is  i8'*6. 

From  the  thirty-seven  observations  made  by  me  we  have  for 

1878-771  =  1878,  Oct.   8;    i'=26°   57'  2''±:1'*69.      The   probable 
error  of  a  single  observation  is  ±10' -3. 

Bessel's  twenty-two  observations  give 

1818-726  =  1818,  Sept.  20;  t'=27°  0'  9'±5'-2.     The  probable  error 
of  a  single  observation  was  db24''l. 

I  have  not  combined  the  results  obtained  by  Professor  Hall 
and  myself  since  the  observations  of  October  18,  14,  1877  and 
of  November  18,  14,  1878,  show  that  they  are  not  comparable. 
My  observations  agree  with  those  of  Bessel  within  the  limits 
of  the  probable  errors.  A  comparison  of  the  observation.s  of 
Professor  Hall  with  Bessel  would  indicate  a  diminution  of  the 
inclination  since  1818. 

Washburn  Observatory,  University  of  Wisconsin, 
Madison,  1882,  January  31. 
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RT.  XLVI. — Interference  Phenomena  in  a  new  form  of  Refrac- 
tometer ;  by  Albert  A.  Michelson. 

Tn  an  experiment  undertaken  with  a  view  to  detecting  the 
iative  nlotion  of  the  earth  and  the  luminiferous  ether  (Am. 
urnal  of  Science,  No.  128,  vol.  xxii,)  it  was  necessary  to  pro- 
ice  interference  of  two  pencils  of  light,  which  had  traversed 
ths  at  right  angles  with  each  other.  This  was  accomplished 
follows :  The  light  from  a  lamp  at  a,  fig.  1,  was  separated 
to  two  pencils  at  right  angles,  6c,  M,  by  the  plane-parallel 
ass  i,  and  these  two  pencils  were  returned  to  i  by  the  mirrors 
and  d,  whence  they  coincided  along  ic,  where  they  were 
ewed  by  the  eye,  or  by  a  small  telescope  at  e. 
It  is  evident  that,. so  far  as  the  interference  is  concerned,  the 
}paratus  may  be  replaced  by  a  film  of  air  whose  thickness  is 
)-<d^  and  whose  angle  is  that  formed  by  the  image  of  d  in  6, 
ith  c 

The  problem  of  interference  in  thin  films  has  been  studied 
jr  Feussner,  but  his  equations  do  not  appear  to  give  the  ex- 
lanation  of  the  phenomena  observed.  In  particular,  in  the 
Annalen  der  Physik  und  Chemie,"  No.  12,  1881,  on  page  558, 
eassner  draws  the  conclusion  that  the  interference  fringes  are 
raight  lines,  whereas,  in  the  above  described  apparatus  they 
•e  in  general  curves :  and  there  is  but  one  case — that  of  the 
mtral  fringe  in  white  light — which  is  straight. 


fl 


■  tf^a 


Fig,  1. 


Fig,  2, 


I  have  therefore  thought  it  worth  while  to  attempt  the  solu- 
m  of  the  problem  for  a  film  of  air,  for  small  angles  of  inci- 
nce  and  neglecting  successive  reflections;  and  though  the 
lution  is  not  perhaps  adapted  to  the  general  problem,  it 
counts  for  all  the  phenomena  observed  in  the  special  case. 
Let  OttIj,  Om„  fig.  2,  be  two  plane  mirrors  whose  intersec- 
m  is  projected  at  O,  and  whose  mutual  inclination  is  ip.  The 
umination  at  any  point,  P  (not  necessarily  in  the  plane  of 
e  figure),  will  depend  on  the  mean  difference  of  phase  of  all 
e  pairs  of  rays  starting  from  the  source  and  reaching  P,  after 
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reflection  from  the  mirrors;  a  pair  of  rays  signifying  two  rajrs 
which  have  originated  at  the  same  point  of  the  source. 

If  the  area  of  the  luminous  surface  is  sufficiently  large  the 
illumination  at  P  will  be  independent  of  the  distance,  form,  or 
position  of  the  surface.  Suppose,  therefore,  that  the  lumiaoas 
surface  coincides  with  the  surface  Om,.  Its  image  in  Om,  will 
also  coincide  with  Owi„  and  its  image  in  Om,  will  be  a  plane 
surface  symmetrical  with  Om,  with  respect  to  the  surface  0?n„ 
and  for  every  point,  />,  of  the  first  image  there  is  a  correspond- 
ing point,  /) ,  of  the  second,  symmetrically  placed  and  in  the 
same  phase  of  vibration.  Suppressing,  now,  the  source  of  light 
and  the  mirrors,  and  replacing  them  by  the  two  images,  the 
effect  on  any  point,  P,  is  unaltered. 

Consider  now  a  pair  of  points  pp'.  Let  t?  be  the  angle 
formed  by  the  line  joining  P  and  p  (or  p')  with  the  normal  lo 
the  surface;  t?  and  f  being  both  supposed  small, 

J=  Pp' — Pp  =p/>'.  cos  t?. 

The  difference  between  this  value  of  d  and  the  true  value  is 

2Pp.  sin'^,  where  (p  is  the  angle  subtended  by  pp'  at  P.    If  ^ 

is  a  small  quantity,  ^  is  a  small  quantity  of  the  second  order, 

and  sin'-   is  a  small  quantity  of   the  fourth   order;  conse- 

quently  2Pp  sin'  ^  may  be  neglected.     We  have  therefore,  to 

a  very  close  approximation,  J=pp'  cos  (?;  or,  substituting  2t  for 
pp\  2t  being  the  distance  between  the  images,  at  the  point 
where  they  are  cut  by  the  line  Pp, 

d  =  2l  cos  I?. 

Let  cdef,  c'd'e'f\  fig.  3,  represent  the  two  images,  and  let 
their  intersection  be  parallel  with  c/J  and  their  inclination  be 


b 


Fia.z 


2f.     Let  P  be  the  point  considered  ;  P',  the  projection  of  Pod 
the  surface  cdef;  and  PB,  the  line  forming  with  PP'  the  angle 
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Draw  P'D  parallel  to  cf^  and  P'C,  at  right  angles,  and  cora- 
gte  the  rectangle  BDP'C.  Let  FPC=t  and  DPP'=<?,  Let 
?'=P,  and  the  distance  between  the  surfaces  at  P'=2<^  We 
ve  then 

t-=t^  -f  CP'.  tan  q)=t^  -f  P  tan  q) .  tan  *,  and 

J=i2(^^  +  P  tan  (p  tan  i)  cos  5,  or 

Vl+lan't  +  tan'^ 

e  see  that  in  general  d  has  all  possible  values,  and  therefore 
I  phenomena  of  interference  would  be  obliterated.  If,  bow- 
er, we  observe  the  point  P  through  a  small  aperture,  ai,  the 
ipil  of  the  eye,  for  instance,  the  light  which  enters  the  eye 
3m  the  surfaces  will  be  limited  to  the  small  cone  whose  angle 

hVa,  and  if  the  aperture  be  sufficiently  small  the  differences 
t  J  may  be  reduced  to  any  required  degree. 

It  is  proposed  to  find  such  a  distance  P,  that  with  a  given 
perture  these  differences  shall  be  as  small  as  possible,  which 
\  equivalent  to  finding  the  distance  from  the  mirrors  at  which 
he  phenomena  of  interference  are  most  distinct  The  change 
f  J  for  a  change  in  <?,  is 

d^         2(^  +  P  tan  (D tan  t)^^ 

^=-    _" ^00^  (2) 

(H-tan«e-ftan,  ^)| 
he  change  of  J  for  a  change  in  i,  is 

dA     ^(l  +  tan^  +  tan'^)— ^-(«o+P^n^tant)^^     ,, 
-p  =  2  ^  '  C08«^       ^  " ^  ^co6«  i     (3) 

(l+tan«i  +  tan«^)i 

>r  -^=0  we  have  ^=0  (or  J=0). 
od 

>r  -—  =0  we  have  (1  -ftan*  t  +  tan*  6)  Ptan  tp 

01 

=(^Q  +  P  tan  <p  tan  i)  tan  »,  or 

(1  +tan*  0)  Ptan  (p=ta  tan  t,  whence  P=-— 5—  tan  *  cos*  6 

ence  the  fringes  will  be  most  distinct  when  0=0  and  when 

P=--^-^tani  (4) 

tan  (p  ^  ' 

lis  condition  coincides  nearly  with  that  found  by  Feussner. 
If  the  thickness  of  the  film  is  zero,  or  if  the  angle  of  inci- 
itice  is  zero,  the  fringes  are  formed  at  the  surface  of  the  mir- 
►rs.  If  the  film  is  of  uniform  thickness,  the  fringes  appear  at 
ifinity.  If  at  the  same  time  ^=0,  and  <o=0,  or  t=0  and 
=^0,  the  position  of  the  fringes  is  indeterminate.     If  %  has  the 


^ 
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same  sign  as  ^,  the  fringes  appear  in  front  of  the  mirrors;  if  t 
has  the  oDposite  sign,  the  fringes  appear  behind  the  mirrom 

To  find  the  form  of  the  curves  as  viewed  by  the  eye  at  B, 
let  SE=D ;  call  T  the  distances  between  the  surfaces  at  £',  the 
projection  of  E.  From  P  draw  PR  oarallel  to  DP',  and  ES  at 
right  angles,  and  let  RS=c  We  nave  then  ^,=T+ctanf^ 
whence,  substituting  for  c  its  value  D  tan  i, 

^^2  T-KD+P)tanytant 
Vl+tan«i  +  taD«^ 

If  on  a  plane  perpendicular  to  EE'  at  distance  D  from  B,  we 
call  X  distances  parallel  to  P'O,  and  y  distances  parallel  to  PD, 
reckoned  from  the  projection  of  E  on  this  plane,  then,  pattiog 
tan  ^=K  and  D+P=S,  we  have  for  the  equation  to  the  canre^ 
as  they  would  appear  on  this  surface  to  an  eye  at  E, 

^     ^     DT  +  SKa; 

^=g— - —  or 

J«y«  =  (4S«K«-J«)a;«  +  8TSKDaj+(4T«— J«)D«       («) 

If,  numerically, 

J<^2SK  the  curve  is  a  hyperbola, 
J=2SK  the  curve  is  a  parabola, 
J>'2SK  the  curve  is  an  ellipse, 
K=0       the  curve  is  a  circle, 
J=0       the  curve  is  a  straight  line, 

All  the  deductions  from  equations  (4)  and  (6)  have  been 
approximately  verified  by  experiment 

It  is  to  be  observed  that  in  the  most  important  case,  and 
that  most  likely  to  occur  in  practice,  namely,  in  the  case  of  the 
central  fringe  in  white  light,  we  have  J=0,  and  therefore  also 
^^=0;  and  in  this  case  the  central  fringe  is  a  straight  line 
formed  on  the  surface  of  the  mirrors.  Practically,  however,  it 
is  impossible  to  obtain  a  perfectly  straight  line,  for  the  surfice 
of  the  mirrors  is  never  perfect 

It  is  to  be  noticed  that  the  central  fringe  is  black,  for  one  of 
the  pencils  has  experienced  an  external,  the  other  an  internal 
reflection  from  the  surface  b,  fig.  1.  This  will  not  however  be 
true  unless  the  plate  g  (which  is  employed  to  compensate  the 
effect  of  the  plate  b)  is  of  exactly  the  same  thickness  as  b,  and 
placed  parallel  witn  b.  When  these  conditions  are  not  fal; 
filled,  the  true  result  is  masked  by  the  eflfect  of  "achromatism 
investigated  by  Cornu  (Comptes  Rendus,  vol.  xciii,  Nov.  2\sl 
1881).  This  remark  leads  naturally  to  the  investigation  of  the 
effect  of  a  plate  of  glass  with,  plane  parallel  surfaces,  interposed 
in  the  path  of  one  of  the  pencils. 
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he  effect  is  independent  of  the  position  of  the  glass  plate, 
'^ided  its  surface  is  kept  parallel  with  the  corresponding 
•or.  Suppose,  therefore,  that  it 
I  contact  with  the  latter  and  let 
fig.  4,  represent  the  comnnon 
ace.  Let  <  =  Ai  =  thickness  of 
glass,  i=  angle  of  incidence,  r= 
e  of  refraction,  n=index  of  re- 
tion,  X  =  wave-length  of  light 
ef  represent  the  image  of  the 

\T  mirror,  and  put  n,= — . 

V 

;  can   be   readily  demonstrated 

the  path   of  the  rays  in   the 
rument   is   equivalent   to    that 
jn  in   the  figure,  where  one  of  the  rays  follows  the  path 
\hy  and  the  other  the  path  rolh.     Suppose  the  mirrors  cd 

ef  parallel.  Then  as  has  been  previously  shown,  the 
/ea  of  interference  are  concentric  circles,  formed  at  an 
lite  distance.  Therefore  the  rays  jn,  ro,  whose  path  is  to 
traced,  are  parallel,  and  from  the  point  h  they  coincide. 
lir  difference  of  path  is  inm—ihl—op^  and  their  difference 
hase  is 

2nm     2kl    op^  2n^  ,t       2t,n 

A       A  ""A  cost    Acosr 


I%9^4, 


<p=-- 


2t 


n 


— r-(n^  tan  »— tan  r)  sin  i,  whence 


2t 


<p=^  [n^  cos  I— n  cos  r] 
A 


(7) 


et  it  be  proposed  to  find  the  value  of  n^  which  renders  any 
icular  ring  achromatic.     The  condition  of  achromatism,  as 

in  by  Cornu,  is  -^=0,  which  gives 

aA 


^+2n  cosr 


(• 


d?i         .      dr    dn\ 
aA  dn  d\/ 


have 


sm  %     ,  dr  sm*  r 

n  =  -; —    whence  -=-  = — r— ; 

sm  r  dn        sm  %  cos  r 


,  whence 


(p-\- 


2t     dn 


cosr*  dX 


=0 


a. 


y  Oauchy*s  formula  we  have  ^=«i+ir7  whence  ^  =  ~tY' 
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Substituting,  we  have  ^— tt--^ —  =  0  or  w,cosi=nco8r=-r--- 

-jry  +  n  COS*  r 

= : ,  or  finally, 

cos  I  cos  r  '^ 

2(n— a^-)  +  M  cos*  r 
"  cos  t  cos  r  ^  ' 

If  the  angle  i  is  soiall,  the  value  of  n^  will  vary  very  little 
with  I,  consequently  there  will  be  a  large  number  of  circles  all 
nearly  achromatised.  Under  favorable  circunnstances  as  manj 
as  one  hundred  rings  have  been  counted,  using  an  ordinary 
lamp,  as  source  of  light.  The  difference  of  path  of  the  two 
pencils  which  produce  these  rings  in  white  light  may  exceeds 
thousand  wave  lengtha 


Art.  XLVII.  —  On  two  New  Minerals,  Monetite  and  ifonite^ 
with  a  notice  of  Pyroclasite;  by  Charles  Upham  Shepard; 
with  analyses,  by  C.  U.  Shepard,  Jr. 

The  specimens  here  described  were  sent  to  us  by  Mr.  John 
G.  Miller  of  Ottawa,  to  whom  Canadian  mineralogy  owes  so 
many  mineralogical  discoveries.  They  came  from  the  Twin 
islands,  Mona  and  Moneta,  which  are  situated  forty  miles  from 
the  port  of  Mayaguez,  Porto  Rico,  W.  I. 

1.  Monetite. — The  Moneta  mineral,  which  we  call  monetite 
from  its  locality,  is  accompanied  by  two  other  species;  all  of 
them,  however,  have  originated  together  in  a  guano- formation. 
The  prevailing  rock  of  the  island  is  probably  a  Tertiary  marine 
limestone,  which  at  the  top  of  the  ground  has  been  coated  with 
bird-guano.  The  soluble  ingredients  of  this  investment,  in 
percolating  the  highly  porous  strata,  have  been  thrown  down 
in  their  transit  in  the  metamorphosed  combinations  now  met 
with,  lining  the  walls  of  cavities  in  the  formation. 

The  material  supplied  came  from  one  of  these  caverns.  The 
specimens  present  a  remarkable  feature,  as  compared  with  the 
stone-guanos  of  the  West  Indies.  The  latter  are  usually 
uncrystalline,  more  or  less  compact,  heterogeneous  in  their 
composition  ;  and  contain  considerable  traces  of  organic  mailer. 
They  very  rarely  present  dissociated  simple  minerals;  but 
rather  constitute  what  are  called  rock -aggregates.  The  exam- 
ples from  Mona,  on  the  contrary,  are  almost  wholly  made  np 
of  distinctly  separate  mineral  species,  for  the  most  part  are 
crystallized,  and  as  free  from  organic  impregnation  as  if 
derived  from  trap  or  granite.     The  most  abundant  species  In 
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e  specimens  received,  is  the  monetite  which  sometimes  forms 
)lated  patches,  half  the  size  of  one's  hand.  The  second  con- 
ituent  of  the  masses  is  a  snow-white  gypsile,  either  crystal- 
sed,  fibrous  or  pulverulent;  while  the  remaining  one  is  calcite, 

well-formed,  semi-transparent  crystals.     No  alumina  or  oxide 

iron  is  present  in  the  aggregate. 

The  monetite,  besides  occurring  in  thick  isolated  masses  as 
)ove  mentioned,  also  forms  irregular  seams  through  the  gyp- 
te;  and  shows  itself  likewise  in  thick  crusts,  lining  irregular 
laped  cavities.  More  rarely,  it  presents  itself  in  botrvoidal 
lapes,  with  rough  crystalline  surfaces.  But  under  all  circum- 
ances,  it  is  an  highly  crystalline  mineral. 

Mineralogical  description.—YnmdiVy  form,*  right  oblique  angled 
•ism.  M  on  T  about  143°  as  determined  approxiniately  by 
le  common  goniometer.  Secondary  forms,  terminal  and  acute 
teral  edges  replaced  by  single  planes,  the  former  generally 
Bry  narrow.  Height  of  prisms  less  than  one-third  their  longest 
readth ;  sometimes  much  less.  Greatest  length  of  crystals 
3tween  -j^th  and  Tj^th  of  an  inch.  They  exhibit  numerous 
regular  surface  indentations,  but  are  without  striae  or  curva- 
ires.  They  cross  and  interpenetrate  each  other  in  several 
irections,  some  of  the  groups  suggesting  a  regular  composition 
E  individuals.     Though  exhibiting  frequent  rifts,  the  cleavage 

indeterminate.  Fracture,  uneven.  Luster,  vitreous.  Semi- 
ansparent  Color,  pale  yellowish  white.  Hardness  =8*5. 
ravity  =2*75,  which  is  a  little  below  the  actual,  from  the 
npossibility  of  wholly  clearing  the  crystals  of  the  mealy  white 
lonite  and  gypsite  by  which  they  are  more  or  less  coated. 

Before  the  blowpipe,  heated  in  a  glass  tube,  turns  white  and 
solves  moisture,  but  unattended  by  odor.  In  the  platinum 
creeps,  turns  white  and  melts  into  a  globule  with  crystalline 
x^ets. 

Analysis, 

I.  II.  Mean. 

Lime 39*92  40-59  40-265 

Phosphoi-ic  acid 44-41  49-79  47.100 

Sulphuric  acid 7-20  1-90  4-560 

Water 8-47t  7-38  8-175 

100-00  100-16  100-080 

4*55  per  cent  sulphuric  acid  calls  for  3*185  per  cent  lime 
ad  2047  percent  water;  thus  constituting  9*782  per  cent  of 
ypsite.     The  mineral  lost  0*2  per  cent  of  moisture  on  drying 

several  hours  at  nearly  100°  C.  Subtracting  the  above  con- 
:ituents  we  have: 

*  See  also  the  note  on  the  crystalline  form  by  E.  S.  Dana,  on  p.  405. 
f  The  water  in  the  first  analysis  was  estimated  by  difiereuce. 
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Phosphorio  acid 47'100 

Lime 37*070 

Water 5-928 


90-098 


And  raising  the  above  figures  to  IQP,   we  have  as  the  com- 
position of  the  moneiitej 

PhoBphoric  acid 62*28 

Lime 41-14 

Water 6-68 


100-00 


Dividing  the  above  percentages  by  the  respective  molecular 
weights,  we  have : 

Phosphorio  acid 62-28  -7- 142  =  0-368 

Lime 41-14-7-   66  =  0-735 

Water 6-08-1-    18  =  0-366 

or  very  nearly,  as  1  phosphoric  acid :  2  lime :  1  water.  This 
would  require  the  formula  kCaO,  H.O,  P.O.  (or  CaHPO,),  as  a 
comparison  of  the  calculated  and  obtained  results  will  show. 

Calculated.  Found. 

Phosphoric  acid 62*20  62-28 

Lime 41-18  41-14 

Water 662  6-58 


100-00  100-00 

Monetite  is  a  crystalline  dicnlcic  hydricphosphate,  or  dicalcic- 
ortho-phosphate,  diflfering  from  that  artificially  prepared  (by  the 
action  of  calcic  chloride  on  disodic-hydric-phosphate),  in  not 
possessing  water  of  crystallization  as  does  the  latter— (PO,H), 
Ca.+2H.O. 

2.  ifonife.— Intimately  associated  with  the  monetite,  above 
described*,  is  a  hydrated  tricalcic  phosphate,  resembling  in  color 
and  density  the  more  friable  varieties  of  kaolinite,  and  which 
we  propose  to  designate  monite,  after  one  of  the  islands  where 
it  is  found.     It  has  the  following  characters : 

Massive,  slightly  coherent,  impalpable  and  wholly  uncrystal- 
line;  snow-white,  fracture  earthy,  dull;  hardness,  below  2, 
gravity  2*1  (approximately).  B.B.  melts  with  difficulty  loan 
opaque,  white  enamel  of  feeble  luster.  In  closed  tube  emits 
much  moisture. 
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Mean. 

PO 

S       ft 

40-39 

39-44 

39-76 

39-86 

CaO 

50-04 

50-89 

49-61 

50-15 

H,6 

2-57 

1-75 

2-16 

7-56 

7-56 

Deducting  99*78 

•2-16  SO,=  r51  CaO=0-97  H,()=gyp8ite,  4-64 


95-09 


Raised            Molecular 

Approximate 

Remaining. 

to  100.             weights. 

ratios. 

PO 

9       6 

39-86 

41-92 -i-  142  =  0-295 

1 

CaO 

48-64 

.      51-15 -T-    56  =  0-913 

3 

H.O 

6-69 

6-93 -i-     18  =  0-386 

li 

95*09  100*00 

corresponding  to  Ca,P,08+H,0  with  some  slight  excess  of 
sture,  probably  hygromeiric. 

^he  two  minerals,  monite  and  monetite,  are  mach  inter- 
igled,  constituting  together  three-quarters  of  the  variously 
a  masses,  whose  remaining  quarter  consists  of  gypsite  and 
ite,  the  latter  however  in  isolated  patches  and  in  much  the 
t  proportion.  The  remarkable  feature  of  the  aggregate  as 
ling  from  a  stone-guano  formation,  consists  in  the  entire 
ince  (in  masses,  half  a  foot  in  thickness),  of  all  traces  of 
inic  matter.  The  rnonetite  is  the  most  abundant  species, 
letimes  occupying  areas  several  inches  long  by  one  or  two 
ad;  and  inasmuch  as  its  crystals  are  confusedly  aggregated 

rather  sharp,  the  specimens  are  exceedingly  rougn  to  the 
5h.  The  interspaces  between  the  crystals  occupy  as  much 
n  as  the  crystals  themselves ;  and  are  more  or  less  filled 
3  the  monite.  When  the  intervals  are  completely  occupied 
1  the  latter,  the  aggregate  is  often  arranged  in  imperfect 
jrs,  separated  by  intervals  of  about  one-sixth  of  an  inch, 
d  by  tne  monite.  A  cross-fracture  of  such  masses  displays 
)bscurely  banded  appearance.  Rarely  the  monetite  presents 
)ular  concretions,  with  a  sub-fibrous  structure.  It  is  also 
eiimes  granular,  but  when  pure  it  is  rarely  impalpable, 
'he  associated  gypsite  is  white,  in  small  shining  crystals,  in 
•se  fibrous  individuals,  small  globules,  fine  granular  and 
reruleni.     The  calcite  is  in  distinct,  semi-transpai-ent  crys- 

having  the  form  of  acute  rhomboids,  analogous  to  those 
Iting  from  the  slow  evaporation  of  brine-waters.  The  pres- 
j  of  silica,  or  some  insoluble  silicate  is  detected  in  the  anal  v- 
)f  the  aggregate  only,  where  it  varies  from  0*5  to  2*  per  cent. 

.  JouB.  Sci,— Thibd  Series,  Vol.  XXIII,  No.  137.— May,  1882. 
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PyrodasUe. — As  tl>e  series  of  specimens  sent  were  said  to 
have  been  from  caves,  which  abound  at  these  islands,  it  would 
:ippear  that  their  contents  originated  in  percolations  across 
the  Tertiary  strata.  Indeed,  examples  of  the  lime-rock  are 
among  the  collection,  evincing  the  progress  of  metamorphosis 
from  the  unaltered  calcic  carbonate,  to  entire  calcic  phosphate. 
Wherever  the  solutions  in  their  descent  encountered  caves  or 
open  Joints  in  the  strata,  stalagmite  and  incrustations  would 
result.  Several  specimens  of  these  were  among  the  collection 
sent.  They  strongly  resemble  the  impure  stalagmites  of  oar 
limestone  caves.  Portions  of  the  guano-stalagmite  are  singu- 
larly in  the  shape  of  mushrooms;  and  must  have  occupied  the 
surface  of  the  floor-crust  When  broken,  their  structure  is  seen 
to  be  concentrically  laminated,  and  not  fibrous.  In  color  they 
are  brown,  intermingled  in  spots  with  ash-gray,  suggestive  of  a 
composite  constitution.  Other  masses  appear  to  have  come 
from  the  floor  stratum  itself;  and  are  hard  and  compact, 
with  a  subconchoidal  fracture,  like  the  monetite  and  like  some 
varieties  of  opal.  Its  color  is  brown,  though  much  darker 
and  occasionally  almost  black.  It  is  moreover  variegated 
with  ash-gray.  The  specific  gravity  is  2*62-2*65;  hard- 
ness, 3*5-4'0.  B.B.  it  decrepitates,  emits  a  decidedly  organic 
)dor,  turns  white  and  fuses,  but  less  easily  than  monetite,  to 
a  white,  shining  enamel.  Heated  in  a  glass  tube,  it  decrepi- 
tates, with  liberation  of  much  water  and  strong  empyreumatic 
odor.     The  subjoined  analyses  give  its  chemical  com  position. 

Robertson.  Sheparti.        Meaii  iwultn. 

P,0^ .  . (total)  40-81  a8-«0  39080 

CaO 40-27  :^9-98  40'12o 

SO3 ..  «-85  6-80  «-a25 

Phosphate  iron   and  alumina  2*90  -2*900 

Insoluble 0-58  1-18  0*855 

Water  and  loss  on  ignition. .  9-76  10-91  Unu 

98-27  100-52  10012ft 

Dedurt  gypsite - 14*670 

''        insoluble   0*855 

"        phosphates  iron  and  alumina    2*900 
^ot*  loss  by  ignition,  as  organic    •2*422 

*20'«47 

:9'27i 


( 


k. 
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ed  to  100  gives 

CalculatioD  requires 

38-08  49-30  -7-  142  =  0-347  49-06 

35-35  44-59  -^    56  =  0-796  44-06 

4-84  6-11-7-     18  =  0-339  6-29 

79-27  100-00  100-00 

ig  the  foliowing  formula: 

3((^a,H,P,OJ+Ca,P/),+H,(). 

ibstance  above  analysed  is  undoubtedly  identical  with 
I  Monk's  Island  (Caribbean  Sea)  described  in  1856,  in 
nal,  vol.  xxii,  p.  97,  j»nd  named  pyroclasite,  from  its  very 
property  of  decrepitation  when  heated.*  Whether  it 
rue  mineral  species  must  depend  upon  more  extended 
Lions.  I^he  analyses  given  favor  the  idea  of  its  being 
rm  compound  of  moneiite  and  monite.  It  may,  how- 
ve  only  a  mechanical  mixture  of  the  two.  Vvhether 
or  mechanical,  it  is  eminentlv  prone  to  admixture  with 
aluminum  and  iron  phosphates,  silica  and  organic 
onstituting  the  important  phosphatic  rock  of  the  West 
id  South  Carolina. 

7  be  added  in  conclusion  that  the  collection  embraced 
specimens  of    antillite,    which   is   identical   with    the 
rock  mentioned  in  connection  with  the  pyroclasite  of 
sland. 

ociated  mineral  which  I  then  examined  and  called  glaubapatite  is 
ihe  same  thing;  the  soda  found  therein  having  without  doubt  been 
le  damaged  state  of  the  cargo  from  which  it  was  taken.  The  vessel 
t  it  to  this  place  was  bound  for  Baltimore ;  but  was  compelled,  from 
iea,  to  put  into  this  port.  The  sulphuric  acid  found  in  the  mineral  was 
dosed  with  soda  instead  of  lime.  With  the  correction  of  these  errors 
I  desire  to  withdraw  the  name  glaubapatite.  The  mineral  to  which 
1  comes  under  pyroclasite. 

Crystals  of  Moneiite. — The  crystals  of  monetite  placed  in  my  hands 
olerable  certainty  be  referred  to  the  triclinic  system.  The  general 
;  of  a  rather  thin  rhomboid.  The  longer  lateral  edge  is  replaced  by  the 
z),  and  the  shorter  by  the  hemi-prism  1 TO  (7) ;  there  are  also  present  in 

be  brachypinacoid  010  (6),  and  two  other  hemi-prisms  hko  (m  and  n) 
0  and  I  To,  and  a  third  hko  (/)  on  the  other  side  of  100.  The  top  of  the 
\Ui\9  is  formed  by  the  basal  plane  001  (c)  which  is  rough  and  uneven, 
re  J)ehind,  between  a  end  c,  is  replaced  by  a  dome  lOl  (e).  The  angles 
rith  a  reflecting  goniometer  are  only  roughly  approximate,  and  would 
an  attempt  to  calculate  the  axial  ratios  and  inclinations.  The  supple* 
8  are:  «/ (100  ^  lI0)=42^  ab  (100  ^  010)  =  8r.  am=W,  an=28°. 
=  76^  ae  (100  ^  101)=138^  There  appears  to  be  a  distinct  cleavage 
a.  The  crystals  often  interpenetrate  each  other,  forming  complex 
there  is  no  uniform  law  of  composition. — R.  S.  Dana. 

t).  Feb.  18.  1882. 
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Art.  XLV'IIL — Notice  of  the  remarkable  Marine  Fauna  ocaij)y- 
ing  the  outer  hanks  off  tlie  Southern  Coast  of  New  Eng/and,  yo. 
H;  by  A.  E  Verrill.  (Brief  Contributions  to  Zoolo^v 
from  the  Museunn  of  Yal6  College:  No.  LII.) 

Para^nrilia   Lyrnani  Pourtales. — Retnarkabk    mod4iS  of  yroirth 

and  repair. 

Pourtales  mentions  that  in  this  cup-coral  the  young  bud 
out  from  the  inside  of  the  parentcalicles  and  burst  them,  by 
their  normal  growth.      So  that,   afterwards,  they   remain  at 
tached   to  fragments  of  their  own  parents.     This  is  probably 
an  erroneous  explanation  of  facts  identical  with  some  of  those 
that  I  have  observed.     We  have  dredged  this  coral  in  con- 
siderable  numbers,  and  of  larger  size  than  those  described  and 
figured  by  Pourtales.     In  each  locality  nearly  all  the  specimens 
are  attached,  at  base,  to  the  inner  surface  of  fragments,  more 
or  less  old  and  discolored,  of  the  same  coral,  as  observed  bv 
Pourtales.     Moreover,  we    have  been  able  to  collect  a  serie? 
suflScient  to  fully  demonstrate  that  all  these  cases  are  instances 
of  buds  arising  from  the  inner  or  septal  surfaces  of  such  speci 
mens  as  have  been  accidentally  broken  or  crushed.     The  coral 
is  very  fragile  and  has  a  tendency  to  split  longitudinally  into 
wedge-shaped  segments  when  it  breaks.     Each  fragment  then 
has  the  power  of  developing  from  its  still  living  internal  tis- 
sues, and   especially  from  the  membrane  (endoderm)  covering 
the  septa,  one  or  more  buds,  which  then  grow  up  into  cornu- 
copia-shaped cups,   like   the  parent.      In   many  soecimens  a 
single  large  bud  will  start  from  near  the  distal  ena  of  a  large 
piece;  such  a  bud  will  grow  up  into  a  regular,  more  or  le?s 
curved,  circular  or  elliptical  cup,  with  a  thick  base,  continuous 
in  part  with  the  original  fragment :  the  costse  and  septa  of  the 
old  fragment  are  perfectly  coincident  with  the  costae  and  septa 
of  the   new   coral  on   the  outer  or  marginal  side;  examples  of 
this  kind,  in  all  stages  of    development,  were  taken;  one  of 
these  buds  is  14""*  broad  at  base  and  17""  high  on  the  proxi 
mal  side,  7""  high  on  the  distal  side:  another  is  18""  broad  at 
base  and  23""*  high  ;  another  is  10""  broad  at  base,  22""°  high, 
the  circular  calicle  14""'  broad  :  another  is  <)""  broad  at  base. 
44""  higli,  the  elliptical  calicles  20  by  25"".     In  several  cases 
two  buds  starting  close  together,   from  a  single  fragment,  or 
from   two  imperfectly  separated    pieces,    have  grown   together 
more  or  less  completely,  so  as  to  produce  a  double  calicle,  the 
two   halves  either  equal  or  unequal,  and  separated   by  a  con- 
striction, but  with   two  septal  centers  and  coin mella\  and  two 
distinct  mouths.     The  largest  exami)le  of    this  kind  is  oi^ 
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igh,  the  two  calicles  together,  40"°*  across,  each  one  about 
0°*"  broad.  In  one  instancfe  the  base  of  a  good-sized  cup  has 
5en  broken  oft",  where  about  6"™  in  diameter ;  from  the  broken 
id  ragged  ends  of  the  septa  thus  exposed  three  buds  have 
arted  out.  each  3  to  4"*"  broad,  with  24  to  ^6^  septa ;  the  old 
ilicle  appears  to  have  been  unaffected.  In  another  instance  ji 
ilicle  that  had  developed,  as  usual,  from  a  fragment,  after  it 
id  grown  22™"  high  was  itself  badly  injured,  so  that  half  of 
le  interior  of  the  calicle  died,  but  was  not  broken,  but  from 
le  other  half  a  large  bud  arose,  nearly  filling  the  old  calicle 
y  its  new  growth,  and  soon  becoming  larger  than  before  the 
jury,  so  thiit  on  one  side  the  cup  is  nearly  regular  and  the 
)stie  continues  to  the  base,  while  on  the  other  side  the  edge 
•  the  old  calicle,  with  the  old  septa  in  place,  appears  in  high 
lief,  at  about  mid-height  of  the  cup ;  in  this  case  we  have,  as 

were,  three  generations  shown  in  one  specimen :  this  exam- 
e  is  45°*"  ingh,  the  calicle  25°*°*  broad.  One  of  the  most  re- 
arkable  examples  is  a  large  cup,  50°*°*  high  and  28°*°*  broad, 

which  the  inner  margin  and  distal  portion  of  the  septa  are 
scolored,  indicating  that  the  soft  parts  within  the  edge  of  the 
ilicle,  and  probably  the  tentacles,  disk  and  stomach  had  been 
jstroyed  by  access  of  mud,  or  some  other  accident,  while  the 
irts  farther  within  the  deep  cup,  or  at  least  the  membranes 
jere  covering  the  walls  and  septa,  remained  alive ;  from  the 
Iges  and  surfaces  of  the  septa  over  thirty  small  buds  have 
arted  out,  varying  in  size  and  degree  of  development;  the 
reater  number  form  a  partial  circle,  10  to  12"*°*  from  the  mar- 
in,  but  others  are  scattered  over  the  more  interior  parts  of  the 
up,  even  to  very  near  its  base,  the  columella  being  nearly 
bsent;  the  larger  of  these  buds  are  about  5°**°  in  diameter, 
•ut  some  are  not  more  than  2°*°*,  and  many  are  just  beginning 
)  appear,  and  have  slight  walls  and  septa  only  on  one  side. 

1  all  cases  the  still  living  edges  of  the  old  septa  serve  as 
me  of  the  septa  of  the  new  growth. 

A  number  of  large  specimens  were  dredged,  otf  Chesapeake 
ly,  in  57  fathoms  (station  899)  by  Lieut.  Z.  L.  Tanner,  on  the 
-"*ish  Hawk,"  Oct,  1880.     It  was  dredged  bv  our  party,  on 

2  "Fish  Hawk,"  off  Martha's  Vineyard,  in  100  to  130 
.homs  (stations  940,  949  and  1040),  in  1881.  It  was  more 
mmon  and  largest  at  station  940,  in  180  fathoms.  Off 
orida, — Pou  rtales. 

In  speaking  of  Fiabellum  Goodei  (p.  313),  I  have  mentioned 
at  it  also  has  this  same  mode  of  budding  from  the  inner  sur- 
^e  of  the  fragments.  Some  of  these  phenomena  have  been 
>ticed  in  other  deep-sea  corals,  though  not  explained  in  the 
me  way.  Probably  this  will,  hereafter,  be  found  to  be  a 
>mmon  mode  of  increase  in  the  case  of  various  fragile  cup' 
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corals.  Indeed,  I  believe  that  the  same  explanation  will  appiv 
to  some  of  the  ancient  cvathophylloid  corals,  in  which  hnri> 
arise  within  and  appear  to  destroy  and  supplant  the  partem 
calicle.  Instead  of  such  buds  being  tht?  caiise  of  the  deaOi  ol 
the  parent-polyp,  as  has  ^>een  supposed,  I  believe  them  to  bt- 
due  to  the  result  of  injury  and  the  consequent  effort  of  the 
tissues  to  retain  Hfe  and  repair  injuries. 

Re-Hti fixation  ofthf  dhk  in  Ophinnnnf, 

That  Ophiurans  restore  their  rays  with  remarkable  facility 
when  broken,  or  entirely  lost,  is  well  known.     In  exarainirig 
a  large  series  of  Amphiiura  abdita  V.,  collected  in  the  harbor  ai 
Noank.  Corm.,    among    eel-grass  {Zosttra)^  in   1874,    I   found 
several   specimens  in    which   the  entire  dorsal  disk,  with  the 
contained    viscera,    had   been   lost  and   more  or  less  restored, 
showing  the  various  stages  of  the  process.     The  dorsal  disk  of 
this  species  is  soft  and  swollen,  and  is  very  easily  detached. 
The  arms  are  exceedingly  long  and  slender  and  subject  lo  fre- 
quent restorations.     In  some  of  the  examples  in  which  anew 
disk    was  forming,   the  sens  are  still   plainly  visible,  on  the 
bases  of    the  arms,  showing    where  the    disk    had  been  torn 
away,  and   its   former  size.     In  some  of  the.se  the   new  disk, 
though  perfect  in  form,  hud  not  grown  to  more  than  one-third. 
or  one-half  the  <liameter  of    the  old   one;    in   others  it  w;u< 
nearly  completed.     These  .small  disks  connected  with  the  lull 
sized  arms  and  jaws  of  the  adult,  give  such  specimens  a  verv 
peculiar  appeai*ance.     At  first  I  mistook  some  of  these  for  the 
genuine  young.*     But  a  more  careful  examination  easily  re 
vealed  their  true  nature. 

In  the  same  lot  were  specimens  in  which  a  portion  of  the 
edge  of  the  disk,  with  one  or  two  of  the  arms,  had  been  de 
stroyed,  and  afterwards  restored.  In  a  few  instances  two  arms 
had  grown  out,  in  place  of  t>ne. 

*  It  is  quite  probable  that  Amphiura  macilenta  V.,  described  in  the  Februan* 
number  of  this  Journal,  p.  142,  is  really  the  true  young  of  A.  abdita.  There  ait 
no  genuine  young  of  the  shallow-water  form  known  to  me.  The  restored  sped- 
mens,  with  smalt  disks,  appeared  so  different  that,  until  I  discovered  their  tnv 
nature,  the  identity  of  the  two  forms  did  not  seem  to  me  possible. 

Kkkata. 

Page  309,  line  26,  for  BaHicina,  read  Balttcina. 

Page  313.  line  7  from  bottom,  for  S,  0.  Sars,  read  «».  O.  Sars*. 


SCIENTIFIC  -INTELLIGENCE. 

L   Chemistky  and  Physics. 

.  (ht  the  deterrnmiUiwi  of  Gas-densities, — Goldschmidt  and 
TOR  Meyer,  having  occasion  to  make  a  series  of  determinations 
he  density  of  cyanogen  gas  at  various  temperatures,  contrived 
this  purpose  a  simple  method.  The  gas  vessel  is  tilled  first 
h  pure  dry  air  at  the  temperature  at  which  the  determination 
3  be  made.  Then  this  air  is  displaced  by  a  current  of  hydro- 
chloride gas,  collected  over  water  and  measured.  Next  the 
Irogen  chloride  is  displaced  by  air.  After  this  the  gas  to  be 
mined  is  passed  through  until  all  the  air  is  replaced  by  it. 
s  gas  is  again  displaced  by  hydrogen  or  air  and  collected  in  a 
ash  bulb  filled  with  a  liquid  which  absorbs  it  completely.  The 
•ease  of  the  weight  of  the  bulb  gives  the  weight  of  the  gas. 
J  weight  of  the  vessel  full  of  air  and  of  gas  bemg  now  known 
the  given  temperature  the  density  is  easily  obtained.  The 
aratus  consists  of  a  cylinder  of  glass  200"""  high,  30™"'  diame- 
with  capillary  tubes  attached  to  the  ends,  rising  considerably 
ve  the  upper  end  of  the  cylinder  and  there  bent  each  at  right 
;les.  This  vessel  is  heated  in  a  glass  tube  slightly  bulbous 
bottom,  400"*"'  high  and  about  twice  the  diameter  of  the  inner 
•e,  containing  the  liquid  whose  boiling  point  is  the  tem- 
ature  of  measurement.  Water,  aniline,  amyl  benzoate  and 
henylamine  ai'e  used  in  the  glass  outer  vessel ;  but  at  tempera- 
es  of  boiling  sulphur  or  phosphoric  sulphide,  the  inner  vessel  is 
lerical  and  the  outer  one  of  iron.  Carbon  dioxide  and  hydrogen 
oride  gases  gave  in  this  apparatus  densities  of  1*53  and  1*26 
pectively.  "^Fhe  apparatus  may  obviously  be  used  as  an  air 
iinometer;  and  the  authors  determined  the  boiling  point  of 
phur  as  426°  C.—  Ber.  Berf.  ('hem.  Ges.,  xv,  137,  Feb.,.  1882. 

G.  F.  B. 

\,  On  the  di/ff'usion  of  iSolids  into  Solids, — Culson  has  observed 
it  if  an  iron  plate  is  heated  in  lampblack  not  only  the  carbon 
ictnites  into  the  iron,  converting  it  into  steel  and  then  into  cast 
n,  but  also  considerable  quantities  of  iron  diffuse  into  the  car- 
1.  If  the  heating  be  sufficiently  prolonged,  this  diffusion  may 
shown  to  take  place  even  at  250°.  If  a  piece  of  piano  wire, 
)edded  in  lampblack,  be  heated  to  fedness  in  the  reducing 
ue,  it  loses  weight.  Platinum  under  these  circumstances  shows 
change.  Since  platinum  does  not  combine  with  carbon,  it 
>ears  that  a  diffusion  occurs  between  solids  only  when  they  can 
ct  on  one  another.  Pure  silver  loses  weight  when  heated  in 
•e  dry  alkali-chloride.  But  the  product  darkens  on  exposure  to 
It;  hence  silver  chloride  must  have  been  formed,  free  alkali 
ing  been  produced  by  the  oxygen  of  the  air.  If  a  polished 
3e  of  artificial  iron  sulphide  be  neated  on  a  plate  of  copper  in  a 
rent  of  CO,  small  qaantities  of  sulphur  go  from  the  iron  to  the 
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copper.  If  a  piano  wire*  be  heated  in  a  crucible  lined  with  carbon 
and  filled  wuh  lime,  the  wire  increuBes  in  weight  and  shows  on 
analysis  the  presence  of  c>alciuni. —  C  JR.,  xciii,  1074.         «.  f.  i;. 

3.  On  the  production  of  Active  Oxygen, — Traubk  has  summed 
up  the  conclusions  upon  the  production  of  active  oxygen  to  which 
he  has  been  led  by  his  oxpennients.  He  finds  (1)  that  hydrogen- 
palladium,  agitated  with  water  and  oxygen  (or  air)  prodluces  im- 
mediately and  abundantly  hydrogen  |)eroxide;  (2)  that  the  oxi- 
dizing action  of  hydrogen-palladium  in  presence  of  oxygen  and 
water,  is  not  a  direct  one  but  depends  almost  entirely  upon  the 
hydrogen  peroxide  thereby  produced;  (81  that  only  in  a  single 
case  has  he  observed  the  oxidizing  action  of  hydrogen-palladinm 
to  be  different  from  that  of  hydrogen  peroxide ;  iodide  of  |)OtaH- 
sium  and  starch,  which  is  not  blued  by  H  O,,  is  blued  at  once  bv 
the  hydrogen-palladium  and  oxygen  ;  evidently  by  the  carrier- 
action  of  the  palladium  transferring  oxygen  from  the  hydrogen 
peroxide  to  the  potassium  iodide;  (4)  that  the  experiments  prove 
positively,  in  opposition  to  the  view  of  Hoppe-Seyler,  that  na8cent 
nydrogen  cannot  produce  active  oxygen  from  ordinary  oxygen  by 
splitting  its  molecule;  and  (6)  that  the  frequent  production  of 
hydrogen  peroxide  in  processes  of  oxidati4>n  is  do  evidence  of  the 
simultaneous  presence  of  active  oxygen,  because  in  opposition  to 
the  common  view,  the  peroxide  is  never  produced  by  the  oxida- 
tion of  water  by  active  oxygen.  It  is  a  reducing  action  which 
produces  it  even  when  the  process  in  genenil  is  one  of  oxidation. 
Thus  for  example  when  zinc  is  agitated  with  water  and  oxygen, 
there  is  produced,  beside  zinc  hydrate,  also  hydrogen  peroxide. 
But  no  active  oxygen  is  formed,  the  molecule  of  oxygen  not  being 
split,  but  the  molecule  of  water,  its  oxygen  combining  with  the 
zinc  to  form  the  hydrate,  its  hydrogen  uniting  directly  with  the 
oxygen  molecule  to  form  hydrogen  peroxide,  thus: 

Zn+(H,()),+0,=Zn(OH),+  ?~" 

(J  — 11 

Hydrogen  peroxide  is  produced  by  the  union  of  a  molecule  of 
oxygen  with  two  atoms  of  hydrogen.  By  analogy  with  other 
bodies  produced  by  reduction,  i,  e.,  assumption  of  hydrogen,  it 
might  be  called  reduced  oxygen.  It  behaves  toward  common 
oxygen  as  indigo-white  to  indigo-blue. — Ber.  BerL  Chem,  Gt^, 
XV,  222,  P'eb.,  1882.  <i.  v.  a 

4.  On  the  80-ralkd  Persulphuru'  oj'ide  itf  HertheloU — Since  hv 
the  mode  of  its  production  as  well  as  by  its  reactions  and  pro[»er- 
ties,  the  body  discovered  by  Bertbelot,  and  culled  by  him  persiil- 
phuric  oxide,  resembles  the  peroxides,  such  as  H^O^,  BaO,,  ett., 
SIenoelkjefk  prefers  the  name  sulphur  peroxide  for  it.  The 
bodies  MnO,  and  PbO^,  which  form  salts,  he  would  call  dioxides 
only.  The  blue  Cr^O^,  the  highest  stage  of  oxidation  of  chromium 
must  be  viewed  as  chromium  peroxide,  or  chromyl  peroxide. 
According  to  the  author's  view,  an  element,  according  to  its  char- 
acter, gives  either  basic  or  acidic  oxides  which  possess  the  prop- 
erly of  forming  salts  corresponding  to  the  water  type,  and  accord- 


Che^nist/ry  and  Physi^ft.  411 

ing  to  which  the  so-called  valence  of  the  elementH  or  their  position 
in  the  system,  is  determined.  Only  after  the  production  of  the 
oxide  forming  the  highest  salts,  can  the  element  yield  a  peroxide 
of  the  type  of  hydrogen  peroxide.  There  is  no  ground  for  the 
Assumption  that  hydrogen,  barium,  etc.,  can  give  ^\a\\  higher  stages 
of  oxidation,  and  then  perhaps  yield  acidic  oxides.  Sulphur  per- 
oxide confirms  this  view  completely  and  leads  to  the  expectation 
of  the  discovery  of  similar  peculiar  peroxides  with  many  of  the 
other  elements. —  her.  Berl.  Chmi.  GeH.,  xv,  242,  Feb.,  1882. 

G.  F.  B. 

5.  (hi  the  production  and  properties  of  metallic  (Jcesium, — 
Sktterberg  has  worked  up  the  tons  of  alums  obtained  in  Mar- 
qaart^s  laboratory  as  a  by-product  in  the  preparation  of  lithium 
salts  from  lepidolitc.  with  a  view  to  obtain  larger  quantities  of 
the  salts  of  cfesium  and  rubidium  an<l  if  possible  metallic  caesium 
itself.  Three  or  four  hundred  weight  of  the  alums  were  dissolved 
in  so  much  water  that  at  the  boiling  temperature,  the  liquid 
marked  20*  B.  The  solution  was  decanted  and  allowed  to  stand 
12  to  14  hours.  The  mother  liquid  contained  no  trace  of  csesium 
or  rubidium  salts  but  the  crystals  were  nch  in  these  metals ;  the 
author  having  found  that  each  of  the  different  alums  is  insoluble 
in  saturated  solutions  of  the  more  soluble  ones.  Hence  so  long  as 
the  solution  of  the  alums  was  saturated  with  potassium  alum  it 
contained  scarcely  a  trace  of  the  other  alums';  and  the  solution 
showed  no  trace  of  caesium,  so  long  as  it  was  saturated  with  ru- 
bidium alum.  By  repeating  this  process  the  alums  were  obtained 
pure.  Search  for  other  alkali-metals  gave  a  negative  result.  In 
14  days,  Setterberg  prepared  40  kilograms  rubidium  alum  and  10 
kilograms  csesium  alum  both  pure.  At  17**  C.  100  parts  of  water 
dissolved  1*42  parts  of  rubidium  alum  and  0*;^8  parts  of  csesrum 
alum.  For  the  preparation  of  other  salts,  the  alums  were  decom- 
posed with  barium  hydrate,  and  the  filtrate  neutralized  with  the 
icid  whose  salt  was  desired.  In  this  wav  the  acid  tartrates  and 
.he  cyanides  were  prepared.  For  the  prepai;ation  of  metallic 
nibidinm,  1500  grams  hydrogen-rubidium  tartrate,  150  grams  cal- 
•inm  carbonate  and  the  required  quantity  of  sugar  were  mixed 
md  calcined  and  the  mixture  transferred  to  a  mercury  flask  and 
listilled.  The  yield  was  very  satisfactory.  A  kilogram  of  hydro- 
jren-caesinm  tartrate  similarly  treated  afforded  no  result.  The 
jlectrolytic  method  was  then  employed  first  with  the  chloride  and 
^hen  with  the  cyanide  of  csesium.  Finally  a  mixture  of  4  molecules 
jf  caesium  cyanide  and  one  of  barium  cyanide  was  found  to  give 
i  satisfactory  result,  the  metal  prepared  showing  in  the  spectro- 
scope only  a  trace  of  sodium  as  an  impurity.  Casiuin  resembles 
closely  the  other  alkali-metals.  It  is  silver-white,  malleable  and 
very  soft  at  ordinary  temperatures.  Thrown  on  water  it  bursts 
into  flame,  and  swims  about  on  the  surface  like  potassium  and 
rubidium.  It  inflames  in  the  air  when  not  protected.  It  fuses 
about  26*6°,  passing  through  a  pasty  condition.  Its  specific 
gravity  is  1*88  at  16°  C. — TAeMg*s  Ann,^  ccxi,  100,  Jan.,  1882. 

G.  p.  a 
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6.  On   the  metals  of  tht  rarer  Earths. — The  popition  of  the 
rerite  metals  in  the  periodic  series  of  Mendelejeff  has  been  for  a 
long  time  a  subject  of  discussion.     Brafnbk  has  made  a  special 
study  of  these  elements  with  reference  to  this  point.     With  ceriom 
he  succeeded  in  prepanng  the  tetrafluoride  CeF  ,  H^O,  as  an  amor- 
phous brown  powder,  and  a  double  fluoride  (KF),(CeF,),(H,0),, 
as  a  yellowish  white  crystalline  powder.     With  didymium,  he  pre- 
pared the  hydrated  pentoxide  iMjO^^,  H^O,  and  also  the  anhydrous 
pentoxide.      The  atomic  weight  of  didymium  was  determined  »< 
.i46'l8  and  that  of  lanthanum  as  18t).     Hence  the  author  places 
cerium  (atomic  weight  141'b)  lu  the  fourth  group,  eighth  series, 
didymium  in  the  filth  grcmp,  eiglith  series,  and  lanthanum  in  the 
third  group,  eighth  series.     This  places  C'e  with  C,  Si,  Ti,  Zr,  Sn» 
Pb  and  Th ;    and  didymium  with  N,  P,  V,  As,  Cb,  Sb  and  Bl— 
•/.  (Jhem,  JSoc,  xli,  68,  Feb.,  1882.  a.  f.  a 

7.  On  the  prepar(ftioh  of  Vyutent  from  Turpentine, — NAirms 
has  pointed  out  a  reaction  by  which  cymene  can  be  prepared  from 
turpentine  with  great  facility.  If  two  atoms  of  dry  chlorine  are 
absorbed  by  one  molecule  of  turjientine  cooled  to  —15°,  there  it^ 
no  sensible  evolution  of  hydrogen  chloride  but  the  liquid  becomes 
viscous  and  contains  C^j^Hj^Cl^.  A  slight  elevation  of  temperatun* 
produces  decomposition,  and  cymene  and  hydrogen  chloride  distill 
together.  If  to  the  mixture  4  per  cent,  of  phosphorous  chloride 
be  added,  and  the*  tem])crature  be  maintained  at  25°,  a  regular 
evolution  of  \\V\  takes  place  until  the  conversion  is  complete. 
Washing  with  water,  drying  over  calcium  chloride  and  rectifica- 
tion over  sodiunu  gives  pure  cymene  boiling  at  175°,  the  yield 
being  75  per  cent.  The  author  has  observed  that  at  100*  traces 
of  zinc  dust  violently  decompose  the  body  ^\o^^«^'^- — BttU.  Sor. 
Ch,,  II,  xxxvii,  110,  Feb.,  1882.  *  '        g.  F.  a 

8.  Oft  a  new  Alkaloi<f  fmni  Cinchona  Bark, — In  investigating 
the  alkaloids  of  the  variety  of  einchona  bark  described  by  Fliicki- 
ger  as  China  ruprta^  Howard  and  Hodgkin  have  obtained  an 
alkaloid  which  a[i]>ears  peculiar  to  that  species.  This  bark  has 
recently  been  shipped  in  immense  quantities  from  Buccarramanga 
in  the  province  of  Santander,  where  this  tree  is  said  to  form  whole 
forests.  It  yields  from  none  up  to  2  per  cent  of  quinine,  and  small 
amounts  of  quinidine  and  cinchonine.  The  new  alkaloid  is  in  its 
properties  analogous  to  quinine,  having  a  composition  nearly 
identical  and  nearly  the  sam(^  specific  rotary  power.  It  <liffer> 
however  in  the  solubility  of  its  salts  and  in  the  readiness  with 
which  it  crystallizes  from  ether.  Tlic  authors  propose  for  it  the 
name  hotnofpdnine.  The  alkaloid  itself  dissolves  very  sparingly 
in  ether,  100'*  dissolving  only  ()-o7  at  12°.  Alcohol  or  90  per 
cent  dissolves  7*04  parts.  I'he  sulphate  resembles  that  of  quinine, 
but  the  crystals  are  shorter  and  appear  to  contain  G  molecules  of 
water.  <Jne  part  of  this  salt  requires  more  than  100  of  water  for 
solution.  In  a  5  |>er  cent  solution  of  90  per  cent  alcohol  the  alka- 
loid shows  a  rotation  of  — 15H°. — ./.  Ch*^tn.  Noc,  xli,  66,  Feb.,  mt 
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,  On  the  Coloring  matter  of  the  Chinetse  yellow  berries. — Fobr- 
B  hat»  examined  the  Chinese  yellow  berries  used  in  dyeing  (the 
s  of  Sophora  japonica).  The  glucoside  obtained  when  treated 
li  snlphuric  acid  yielded  46*84  per  cent  of  a  yellow  substance 

67'66  per  cent  of  isodulcite.  This  yellow  substance  was  not 
reetic  however;  and  so  the  glucoside  is  not  quercetrin.  The 
\\OT  proposes  for  it  the  name  sophorin.  The  glucoside  of  the 
er  (  Capparis  spinosa)  and  of  the  garden  rue  (Ruta  graveolens) 

apparently  identical  with  quercetrin,  yielding  quercetin  and 
lulcite  when  decomposed  by  means  of  dilute  sulphuric  acid. — 
•.  Berl  Chem  Ges.,  xv,  214,  Feb.,  1882.  g.  f.  b. 

0.  Maximum  of  magnetization  of  diamagnetic  and  weakly 
^magnetic  bodies, — The  researches  of  Hankel,  Rowland  and 
ers  have  shown  that  iron,  cobalt  and  nickel  have  a  maximum 
Qt  of  magnetization.  Silow  has  also  maintained  that  a  solution 
jhloride  of  iron  possesses  a  maximum  point.  H.  W.  Eatox,  in 
i  paper  discusses  the  various  results  of  different  observers : 
dudes  that  a  solution  of  chloride  of  iron  does  not  possess  a 
ximum  of  magnetization,  but  increases  in  permeability  in  pro- 
tion  to  the  strength  of  magnetic  field  (he  used  from  1  to  7 
Qsen  cells),  and  doubts  whether  the  use  of  30  Bunsen  cells 
aid  show  a  maximum.  Shumeister  investigated  the  maximum 
iditions  of  water,  alcohol,  sulphide  of  carbon,  ether,  oxygen 
I  nitrogen,  and  discovered  apparently  a  maximum.  Eaton 
eats  Shumeister's  observations  and  maintains  that  this  maxi- 
m  condition  does  not  exist  in  ordinary  magnetic  fields.  Then 
ows  a  comparison  of  the  observations  of  diflferent  observers 
ich  discloses  great  want  of  agreement.  This  discrepancy 
ends  also  to  the  various  determinations  of  the  diamagnetic 
istant  of  bismuth.  The  following  table  of  the  results  of 
ious  obstM'vers  is  given  : 

lo*k. 

1 .  Weber  (through  magnetic  intlueuce). ~  2'304 

2.  "       (through  electrical  miluenoe), —2-122 

X  Christie, ■- -1-486 

+.  Toepler  and  Ettingshausen, —1-492 

.'».  Rowland  and  Jacques  (in  C.  G  S.  units),  j  ^,; —0-14^24 

K'  principal  axis  of  crystal  vertical. 
K"       ••  "  '*'        horizontal. 

— Ann.  der  Physik  und  Chemie^  No.  2,  1882,  pp.  225-246. 

.F.  T. 

1.  Reflection  of  eltctricrd  rays. — W.  llittorf  has  maintained 
it  the  rectilinear  electrical  rays  proceeding  from  the  kathode  in  a 
iBsler  tube  end  when  they  infringe  upon  an  immovable  wall  or  bar- 
p  and  are  not  reflected.  E.  Goldstein  describes  what  he  thinks 
an  Experimentum  Cnici^^  and  concludes  that  a  bundle  of 
}hode  rays  do  not  end  but  can  excite  phosphorescence  by 
lection  from  a  solid  partition  or  wall  Evei-y  surface  in  suit- 
le  condition  can  serve  as  a  reflector — it  matters  not  whether  it 
a  phosphorescence  exciter,  an  insulator,  or  a  conductor.     The 
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rfflecu^l  rays  c'an  excite  plioKphorescetice  and  are  acted  upon  by 
a  magnet  like  the  original  kathode  rays. — .  !/<;/.  d*^  Physik  wid 
Chemie,  No.  2,  1882,  p|>  246-254.         *  j.  t. 

12.  Ittflnettee   of    luerhnuicul  hariUfuirty   upofi    the   magnetic 
l.propertie^  of  Metl  and  iron. — Many  inveHtigations  upon  the  rela- 
tion between  the  molecular  conditions  of  iron  and  steel  produced 
by  heat,  by  torsion  and  by  annealing  proe^^Rses,  and  the  resulring 
changes  in   magnetic  conditions  have  been   made.      It   appeam 
from  the  paper  of  Louis  M.  Cheesman  that  the  eiiect  of  mecliao- 
ical  hardening  ha.s  not  been  properly  investigated,  and  this  paper 
contains  the  results  of  his  mvestigation  upon  this  point.    The 
method  of  research  consisted  simply  in  detennining  the  magnetic 
moment  of  the  magnetic  bar  after  it  had  been  subjected  to  well 
devised  mechanical  pressures.     The  result  of  his  investigations  ii* 
summed  up  as  follows:  Iron  in  a  mechanically  hard  condition 
can  receive  more  permanent  magnetism  than  in  a  soft  condition. 
The  magnetic  moment  of  a  steel  magnet  in  a  mechanically  hard 
condition  is  greater  or  snialler  than  in  a  soft  condition,  according 
as  the  ratio  of  its  diameter  to  its  length  is  less  or  greater  than  a 
certain  limit. — Avn.  d^r  Phy»fk  tntd  Chemh^  No.  2,  1882,  pp. 
204-225.  '  J.  T. 

13.  Storayt  of  Khetriclty, — A  commission  consisting  of  Mm. 
Allard,  L.  LeBlanc,  Joubert,  Potier  and  Tresca,  experimented 
upon  Faure's  battery  in  Paris,  January,  1882.  The  Fauro  bat- 
terv  was  composed  of  36  elements,  the  lead  j)lates  of  spiral  fonn 
weighing  each,  with  included  liquid,  i.'VTOOk'^.  The  lead  elec- 
trodes were  covered  with  minium  to  the  amount  of  lO^'^  per 
square  meter.  '  The  licjuid  consisted  of  distilled  water  with  the 
addition  of  one-tenth  <)f  its  Aveight  of  pure  sul]>huric  acid.  The 
charging  machine  was  of  the  Siemens  type  the  armature  having  a 
resistance  of  0*27  ohms,  and  the  inductor  19*46  ohms.  The  cur- 
rent of  discharge  was  passed  through  a  series  of  Maxim's  incan- 
descent lamps.  The  authors  state,  in  general,  that  they  obtaine*! 
the  light  of  one  carcel  with  an  expenditure  of  5-80^'^'"  of  electri- 
cal work  [)er  second.  They  were  also  led  to  the  conclusioi)  that 
it  is  advantageous  to  charge  the  battery  with  the  feeblest  current 
possible  and  to  }>rolong  the  duration  of  the  charge.  The  ressulls 
of  the  investigation  are  summed  up  as  follows:  The  charge  ofthf 
battery  demanded  a  total  mechanical  work  equivalent  to  \'M- 
horse  power  during  22''  45'",  or  1 -horse  power  during  35^  26". 
The  batterv  received  in  realitv  onlv  o-(5($  of  this  work,  the  re^t 
having  been  dissipated  in  the  work  of  excitation. 

The  exterior  electrical  work  during  the  entire  duration  of  th»* 
discharge  amounted  to  3801M)()0'^^"' ;  the  mechanical  work  con- 
sumed was  9570000^'^'",  but  of  this  amount  furnished  onlv 
6382000''-'"  was  retained    bv  the   batterv.      Hence  the  amount  re- 

•  » 

covered  during  the  discharge  was  0*40  of  the  total  work,  and  OUO 
of  the  stored-up  work.  The  employment  therefon*  of  the  accum- 
ulator lias  cost  0*40  of  the  work  lurnished  l)V  the  dvnamo-electrif 
macliine  which    niitrht    lia\e   been   utilize<l    in  (»ther    wavs.    The 
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ntages  of  having  a  reservoir  of  electricity,  however,  conipen- 
for  this  loss  of  energy. —  Cornptes   Rendus^  March  «,  1882, 
100-604.  J.  T. 

.  Storage  of  liJlectricity. — Professor  Ayrtou,  F.R.S.,  delivered 
iture  on  the  storage  of  energy  at  the  London  Institution, 
;h  2,  in  which  he  maintains,  allowing  for  the  unnecessary 
e  due  to  the  too  hurried  charging  and  too  hurried  discharg- 
3f  a  Faure  accumulator,  "that  for  a  million  foot-pounds  of 
fd  energy  discharged  with  a  mean  current  of  17  amperes,  the 
in  chargmg  and  discharging  combined  need  not  exceed  18 
;ent,"  and  m  some  cases  he  has  found  it  not  to  exceed  10  per 
He  has  found  from  experiment  that  81  pounds  of  lead  and 
lead  charged  and  discharged,  the  discharge  lasting  eighteen 
6 — six  hours  on  three  successive  days — represented  in  its 
large  1,440,000  foot  pounds  of  work,  or  1-horse  power  for 
j-quarters  of  an  hour. 

le  resuscitating  power  of  the  Faure  accumulator  was  wonder- 
After  the  eighteen  hours  of  discharge  just  referred  to  it  was 
d  after  a  few  hours  of  insulation  that  the  accumulator  could 
a  current  of  over  50  amperes.  The  phenomenon  resembles 
nvigorating  action  of  sleep. — Nature^  March  23, 1882.  j.  t. 
.  Velocity  of  Soxmd  hi  Wood ;  by  Dr.  H.  Kayser.  (Com- 
icated). — In  this  Journal  for  February,  1879,  Dr.  Magnus  C. 
.>ng  has  published  a  method  of  determining  the  velocity  of 
d  m  wood.  I  take  this  opportunity  of  making  some  remarks 
gard  to  it,  although  at  a  somewhat  late  date.  Mr.  Ihlseng 
les  the  velocity  of  sound  in  wood  in  two. ways:  in  the  first, 
•od  of  wood  is  fixed  in  the  middle,  one  end  is  rfibbed  and  the 
r  end  marks  its  vibrations  on  a  blackened  glass  plate;  by 
means  are  found  the  number  of  vibrations  w,  and  half  the 

)  length  in  wood,  — ,  equal  to  the  length  of  the  rod  ;  then  the 

;ity  is  t?=:wA.     The  number  of  vibrations  can  also  be  found 
[nndt's  method,  the  end  of  the  rod  causing  the  air  in  a  tube 

brate ;  if  -   designates  half  the  wave  length  of  air  in  the 

^  a 

,  a  the  velocity  of  sound  in  tho  tube,  then  "=7,    and    there- 

aX  ^ 

-.  Ihlseng  obtained  in  every  case  greater  velocities  by  the 
id  method  than  bv  the  first,  and  was  unable  to  find  the 
>n  for  the  difference.  I  think  the  explanation  is  easily  given, 
t  is  this  which  induces  me  to  send  this  note.  Unfortunately 
Ihlseng  gives  the  results  of  his  researches  so  very  incom- 
ly,  that  I  cannot  be  sure  that  my  supposition  is  right ;  but 
the  words  of  the  author,  I  must  presume,  that  calculating 
le  second  method,  he  has  taken  for  a  the  velocity  of  sound 

»e  air.  that  is  to  say  about  332*5 — .     This  would  be  allowa- 

sec. 
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ble  only  if  his  tube  were  oo  wide,  or  the  pitch  od  high.  If  this 
is  Dot  the  case  there  is  a  dimination  of  the  velocity  by  fricUon 
and  by  conduction  of  l\eat,  which  diminution  is  to  be  calculated 
according  to  Kirchholf  *  by  the  equation 

uy 

where  u  means  the  velocity  in  free  air,  a  the  velocity  in  the  tube, 
n  the  pitch  of  the  tune,  2r  the  diameter  of  the  tube,  and  y  a  cod- 
stant.  This  equation  I  have  verifiedf  by  experiments  and  have 
determined  the  constant  ;/  to  be  for  glass  tubes 

m 

i/=0-0236 

sec. 

On  a  later  occasion^  this  number  was  again  confirmed. 

We  shall  see  what  numbers  would  have  been  obtained  by  Mr. 
Ihlsen^  with  the  second  method,  had  he  kept  in  view  this  equa- 
tion. He  indicates  the  diameter  to  be  2r=0'019m ;  the  pitch  n  can 
be  calculated  nearly  by  his  Table  IV.  I  find  by  it  numbers  lying 
between  1000  and  2000;  taking  as  avemge  1500  vibrations,  we 
find 

I/— a=6yw  and  a=826'6m. 

Mr.  Ihlseng  having,  therefore,  calculated  the  velocity  of  wood 

d32*5A 
by  means  of  the  dust  figures  by  «  =  — ,   the     right    equation 

would   have  bQen  ?r=:326'5— . 

til 

It  follows,  that  for  the  mean  velocity  of  4000 in  wood,  the 

•^  sec. 

nnraher  calculated  by  Kundt's  method  is  too  great  by  73>a.    The 

mean  diflferenoe  between  the  numbers  found  by  the  two  methods, 

according  to  Mr.  Ihlseng  is  01/><, — surely  a  sufficient  agreement, 

considering  that  the  probable  error  of  his  determination  reaches 

10m. 

Finally  I  remark,  that  according  to  my  experiments  on  ^lass 
tubes,  the  graphic  method  is  quite  unfit  for  precise  determination.*, 
because,  as  Mr.  Ihlseng  also  finds,  the  rod  vibrates  not  only  lon- 
gitudinally, but  at  the  same  time  transversely,  and  therefore  the 
number  of  vibrations  fan  be  determined  onlv  verv  inexactly  hv 
the  curves. 

Herlin  Physical.  Instilul..  March.  1882. 

16.  The  Chemistrj/  of  Cooking  and  ('lennlng^  a  Mf/nual  far 
Housekeepers  ;  by  Ellkn  H.  Richards.  90  pp.  l2mo.  Boston, 
1882  (Estes  and  Lauriat). — The  practical  applications  of  chemical 
principles  to  some  of  the  familiar  processes  of  everv-day  household 
life  have  never  been  better  presented  than  in  this  little  book  by 
Mrs.  Richards.     Clear  and  concise  in  style,  and  happy  in  its  illas- 

*  Kirchholf.  Poprg.  Ann.,  cxxxvii,  p.  ITT.         +  Kayser,  Wied.  Ann.,  ii,  p.  21S. 
\  Kayser,  Wied.  Ann.,  viii.  p.  444. 
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rations,  it  is  a  successful  combination  of  good  science  with 
ound  practical  advice.  It  is  to  be  hoped  that  the  day  is  not  far 
listant  when  every  houbekeeper  will  have  the  knowledge  to  un- 
lerstand  these  principles  and  the  wisdom  to  apply  them  in  all  the 
lomely  operations  which  she  has  to  direct  or  perform.  This  little 
»ook  cannot  fail  to  do  good  service  in  bringing  about  this  de- 
ired  end. 

II.  Geology  and  Natural  History. 

1.  Bulletin  of  the  Illiiiois  State  Musexmi  of  Natural  Hutory 
at  Springfield,  IlL).  No.  1.  Feb.,  1882.  44  pp.  8vo.  Printed 
or  the  Museum,  1882. — This  first  Bulletin  of  the  Illinois  State 
^Inseum  contains  three  aiticles,  (1)  Descriptions  of  54  new  species 
rom  the  Lower  Carboniferous  limestones  and  Coal  Measures  of 
[llinois  and  Iowa,  and  (2)  Corrections  and  propose<l  new  names 
or  species  previously  described  in  the  Geological  Survey  of 
[llinois  under  names  that  were  preoccupied,  and  Descriptions  of 
wo  new  species  of  fossil  shells  from  the  Coal  Measures  of  Illinois 
md  Kansas,  by  A.  H.  Worthen,  State  Geologist,  and  (3) 
Descriptions  of  two  new  species  of  Crinoids  from  the  Chester 
imestone  and  Coal  Measures  of  Illinois,  by  Charles  Wachsmuth. 
Mr.  Worthen  announces  that  all  the  new  species  described  by 
lim  will  be  fully  illustrated  in  the  Seventh  volume  of  the  Geologi- 
5al  Survey  of  Illinois,  now  in  course  of  preparation.  A  large  part 
)f  them  are  represented  by  specimens  of  unusual  perfection  partly 
in  the  State  Collection,  but  largely  in  that  of  Mj;.  L.  A.  Cox,  of 
Keokuk,  Iowa.  The  changes  of  names  of  species  in  the  published 
I'olume  of  the  Illinois  Geological  Survey,  given  in  the  second 
[)aper  by  Mr.  Worthen  are  the  following:  Platyostoma  Gray- 
littengui  in  place  of  P.  tumtda,  vol.  ii ;  Modiolopsis  rectiformw 
or  M.  orthonota,  vol.  iii ;  Mod.  Carrollensis  for  M,  subnanttta, 
ol.  iii ;  Platyceras  imbsinuosa  for  PL  sitbu?idatnm^  vol.  iii ;  Pleu- 
ototnaria  conifonnis  for  PI.  conoideus^  vol.  v ;  Orthocercut  Ran- 
Mphensis  for  0,  annulo-costatuni^  vol.  vi.  A.  TJthophaga^  in 
ol.  iii,  p.  636,  is  here  named  L.  Illmoiensls. 

2.  Glacial-era  Climate, — M.  Woeikof,  in  a  paper  on  "(rletscher 
md  Eiszeiten  in  ihrem  Verhaltnisse  zum  Klima,"  rejects  the  idea 
hat  an  epoch  of  maximum  eccentricity  with  aphelion  in  the  win- 
er  would  be  favorable  for  a  glaoial  era.  He  observes  that  in  the 
nterior  of  Asia,  for  example,  the  greater  cold  in  winter  would  not 
avor  a  large  accumulation  of  snow,  while  the  excessive  heat  of 
he  summer  would  produce  the  melting  of  the  snows  to  a  greater 
leight  than  now.  In  the  region  of  the  monsoons,  the  cold- and 
Iry  monsoons  of  the  winter  would  have  greater  force  than  at 
iresent  and  be  less  snow-producing ;  while  the  great  heat  of  sum- 
ner  would  produce  increased  rains  and  melting  to  a  higher  level. 
Phe  surface  of  the  ocean  would  not  be  of  a  lower  temperature 
han  now,  and  hence  there  would  be  no  increased  fall  of  snow 
>ver  the  lands  adjoining.     The  effects  iVoni  maximum  eccentricity 
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and  the  eai*th  in  aphelion  would  in  any  case  be  slight,  and  ratber 
unfavorable  than  favorable  to  the  production  of  a  glacial  era. 

3.  Post-  Glacial  Flood, — An  article  by  H.  H.  Howobth,  on  the 
"  Great  Post-Glacial  Flood,"  attributing  to  it  the  formation  of  the 
loss  besides  other  deposits,  is  contained  in  the  Geological  Maga- 
zine, numbers  for  January  and  February,  1882. 

4.  Quincy  ISyenite,—  Mr.  M.  E.  Wadswokth,  in  the  Proceed- 
ings of  the  Boston  Society  of  Natural  History,  vol.  xxi,  Oct.  19, 
1881,  describes  the  junction  of  the  Paradoxides  slate  of  Quincj 
with  the  syenite  of  the  region,  and  concludes  that  the  latter  u 
eruptive  and  therefore  of  subsequent  age  to  the  slate — '*late 
Primordial  or  more  recent."  The  syenite  is  stated  to  be  at  the 
junction  a  "  spherulitic  quartz  rorphyry." 

6.  An  old  chapter  of  the  Geological  Record,  with  a  new  in- 
terpretation :  or  jRock-metamorphism  and  its  resultant  imUa- 
tions  of  organisms  ;  with  an  introduction  giving  an  Annotated 
History  of  the  controversy  on  the  so-called  ^^  Sozoon  Cana- 
dense  ;"  by  Professor  W.  King  and  T.  H.  Rowney.  142  pp. 
8vo,  with  8  colored  plates.  London,  1881.  (John  Van  Voorst.) 
— The  authors  have  here  givep  a  catalogue  of  all  papers  on 
the  Eozoon  with  critical  notes,  and  a  full  statement  of  their 
own  views  on  the  subject  of  a  branch  of  metamorphism  with 
which  the  origin  of  the  supposed  fossil  is  associated. 

6.  Species  of  Eurypterus  and  Pterygotits  from  the  Wdter4ime 
group  near  Buffalo, — Mr.  JuLirs  Pohlman  describes  and  figures 
the  following  as  new  species  of  these  genera  in  the  Bull  Buffiilo 
Soc.  Nat.  Sci.,  vol.  iv,  r^o.  2,  1882:  Eurypterus  gigant^uSy  Ftery- 
gotus  glohicaudatuSy  Pt,  aciftiraud^tHn,  Ft,  quadricaudatus^  Pt. 
Buffaloensis. 

7.  Chatauqua  IScieutif-c  Diagrams^  Series  No,  1.  Geology: 
and  First  Lessons  in  Geology;  by  A.  S.  Packard,  Jr.  128  pp. 
8vo,  to  accompany  the  diagrams.  Providence,  R.  I.,  1882  (ProTi- 
denco  Lithograph  Co.) — The  geological  diagrams,  ten  in  number, 
are  very  large  lithographic  plates,  coarse  in  style  of  execution,  for 
use  in  the  illustration  of  lectures  or  first  lessons  in  geology.  They 
contain  restorations  of  some  of  the  species  of  the  several  geologi- 
cal ages,  and  illustrations  also  of  scenery  and  volcanic  and  glacial 
phenomena.  They  might  be  much  better.  Professor  Packard's 
work  treats  briefly  and  in  a  popular  way  of  the  topics  illustrated, 
the  action  of  water  and  heat,  and  the  succession  of  life  on  the 
globe,  with  special  reference  to  North  America. 

8.  Tables  for  the  Determination^  J)escriptio7t  and  Vh^ifica- 
tion  of  Minerals ;  by  James  C.  Foye.  85  pp.  12mo.  Chicago, 
1882  (Jansen,  McClurg  &  Co.). — A  second  edition  of  Professor 
Foye's  useful  tables  for  the  determination  of  minerals  has  been 
recently  published  ;  it  contains  some  additional  tables  which  will 
increase  its  value. 

9.  On  the  Female  Floioers  of  the  Coniferoi, —  Under  this  head- 
inir  Professor  Kichlki:  of  Berlin  gives  his  latest  views  aboat  thift 
important   subject  in  the  Monatsberichto  der  K.  Acad,  der  Wiss., 
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^rlin,  1881.  He  takes  it  for  granted  that  the  inorphologists  of  the 
resent  dav  are  agreed  that  the  male  flowers  are  the  aggregate  of 
tatnens  which  were  formerly  (and  still  by  Parlatore  in  DeC  Pro- 
romus)  considered  an  anient,  i.  e.  an  inflorescence.  He  now  tries 
0  prove  that  what  we  call  the  female  ament  is  perfectly  con- 
3rmed  and  corresponding  in  every  respect  to  the  male  flower  in 
osition  as  well  as  in  structure,  and  thns  is  also  a  single  flower 
nd  not  an  inflorescence. 

The  simplicity  of  such  an  arrangement,  the  uniformity  in  the 
tructure  of  the  male  and  female  organs  thus  established,  are 
ertaiuly  seductive,  and  in  the  author's  opinion  the  difficulties 
n  his  way  aiHf  readily  enough  removed.  The  principal  difficulty 
s  found  in  the  presence  of  two  foliaceous  organs  in  the  female 
Sower,  one,  now  called  the  ovule-bearing  or  carpellary  scale, 
inside  of  another,  the  bract,  while  the  male  flower  consists  of  a 
number  of  simple  uoUen-bearinff  bracts  (the  stamens)  arranged 
around  the  axis.  Now,  accordnig  to  Professor  Eichler's  view, 
the  car[)ellary  scale  is  not  a  distinct  organ,  but  really  only 
an  appendage,  a  ventral  excrescence,  a  Tigule,  if  it  may  be 
called  so,  of  a  leaf  (the  bract),  born  from  it  and  belonging 
to  it :  he  therefore  recognizes  only  one  organ,  the  bract,  and 
the  so-called  carpellary  scale  as  its  appendage — a  view  already 
indicated  by  Sachs.  He  reviews  and  controverts  the  views  of  pre- 
ceding morphologists.  Robert  Brown  declared  the  carpellary  scale 
o  be  a  leaf  in  the  axil  of  the  bract;  but  this  is  a  morphological 
mpossibility.  Schleiden  and  Strasburger  took  it  for  a  flattened 
ixis;  but  the  arrangement  of  the  bundles  of  vessels  makes  that 
lutenable.  Van  Tieghcm  thought  it  was  a  leaf  median  on  an 
mdeveloped  axillary  bud,  but  Conifera;  never  do  produce  such 
nedian  leaves.  A.  Braun,  and  after  him  Caspary,  were  the  first  to 
ecognize  in  the  scale  a  compound  organ,  consisting  of  two  lateral 
eaves  of  such  an  undeveloped  bud,  connate  on  their  lower  side ; 
)er8ted,  and  more  decidedly  Mohl,  showed  that  these  two  leaves 
?ere  connate  with  their  posterior  edges,  turning  their  backs 
oward  the  main  axis,  and  Mohl  happily  compared  the  scale  thus 
onstituted  with  the  double  leaf  of  Sciadopitys;  this,  however, 
eems  impossible  to  Professor  Eichler,  because  nothing  is  seen  of 
nch  an  assumed  undeveloped  axillary  bud,  and  because  the  dis- 
nbntion  of  the  vessels  in  the  scale  does  not  indicate  a  double 
»rigin,  as  it  does  distinctly  in  the  Sciadopitys  leaf 

Professor  Eichler  insists  that  the  carpellary  scale  of  Coniferse, 
hongh  often  apparently  separated  from  the  bract,  is  really  not  a 
listinct  organ,  but,  as  stated  above,  a  ligular  appendage  of  the 
ipper  face  of  the  bract.  He  shows  that  in  such  appendages  the 
rascular  bundles  are  always  arranged  in  a  system  opposite  to  that 
\X  the  leaf  from  which  they  originate ;  if  they  spring  from  the 
ipper  side  of  the  leaf,  this  upper  side  is  turned  toward  the  upper 
iide  of  the  leaf,  and  if  they  come  from  the  dorsal  side,  their  dor- 
lal  side  is  tamed  toward  the  back  of  the  leaf,  and  in  either  case 
the  arrangement  of  the  vascular  elements  is  revereed.  In  every 
28a 


leaf  the  xyleni  (wood-crells)  occupies  the  upper  or  ventral  side  of 
the  vawcular  bundle,  and  the  p1)loen)  (formerly  bast  or  soft  hast- 
cells)  lies  below  it  or  toward  the  dorsal  side  of  the  leaf.     This  is 
so  in  tlie  coniferous  leaf  as  in  all  others,  and  in  the  bract,  while 
the  ligule  or  carpellary  scale  shows  the  arrangement  revei*se(l,  a 
well   established   fact.      This  '-arpellary  scale  wherever  it  exists 
(]»rincipally  in  Abietinea*)  bears  on  its  back  one  or  several  ovult^. 
In  Araucaria  it  is  a  small  process,  of  ligular  form,  from  the  mid- 
dle of  the  leaf-bract,  with  one  f>vule;  in  Cunninghamia  it  is  a  nar- 
row transverse  crest  with  three  ovules ;  in  Cryptomeria  it  is  a 
jagged  crest,  at    last   n)uch   larger  than  the  bract  itself;  but  in 
Damara  no  trace  of  an  appendage  can  be  found.     The  same  is  the 
case  wMth  most  Taxodineie,  where  only  a  certain  thickening  of  the 
bract  is  noticeable.      Hut  in  Abietinea*  we  see  two  apparently  dis- 
tinct organs  ;    exan)ining  them,  however,  more  closely,  we  find 
them  always  cohering  at   base,  and  where  they  at  maturity  se]>a- 
rate  from  the  axis  as  in  Abies  and  Cedrus,  they  fall  off  together, 
as  they  should  do,  where  one  is  only  an  appendage  of  the  other. 
In  Cupressinea*  no  carpel-bearing  appendage  at  all  is  observed, 
and  the  ovules  are  as  nearly  axillary  as  possible,  or,  where  there 
are  many,  they  seem  to  spring  partly  from  the  base  of  the  bract 
and  partly  from  the  axis  itself;    but  the  thickened  upper  side  of 
the  scale  shows  also  a  reversed  arrangement  of  the  vessels,  **a8it 
can  not  be  otherwise,  where  the  leaf  is  so  thickened  on  the  inner 
side  that  at  last  it  even  becomes  peltate."     The  other  Conifer* 
follow  the  same  rule,  the  ovules  stand  in  the  axil  of  the  bract: 
but  in  Taxinea*  they  are  ternnnal  ])roduclB,  surrounded  by  the 
uppermost  leaves  or  bracts. 

The  proliferation  sometimes  observed  in  the  female  flowers  of 
Abietinea*  has  been  thought  to  furnish  proof  for  the  axillary  nature 
and  distinctness  of  the  carpel:  but  Professor  Eichler  is  satisfied 
that  the  abnormally  developed  branchlet  is  not  the  development 
of  a  supposetl  carpollary  axis,  but  a  really  new  axillary  production 
of  the  bract  therefore  between  the  carpella.'y  appendage  and  the 
main  axis,  an<l  that  the  division  of  the  carpel  into  two  pieces, 
often  noticed  in  such  monstrosities,  is  produced  by  pressure  only. 

Kichler  then  compares  tlu*  ovule  of  the  C'onifera*  to  the  spo- 
rangium of  allied  vascular  cryptogams,  an<l  finds  in  Isoetes  the 
sporangium  on  the  base  of  the  leaf  where  also  a  ligula  is  present, 
in  Lycopodium  in  the  axils,  and  in  Psilotum  at  the  end  of  branch- 
lets.  The  essential  character  of  gymnospermy,  however,  he  tind^ 
not  as  n)uch  in  tlu*  open  carpel,  which  also  occurs  in  some  higher 
organized  plants,  as  in  tlu*  absence  of  a  stigma  and  in  lire 
immcvliate  action  of  the  pollen  on  the  ovule. 

In  a  second  ]>aper,  *"  Cef>er  liUdunysabireicfntiigen  bet  Ficfden- 
zajtfen''   (Sitzungsb.    d.    K.    Ac.    Wiss.,    Herlin,    18H2),   IVofe^sor 
Kichler  uives  us  a  carefid  analvsis  of  nuinstrosities  observed  on 
the  Norway  Spruce,  and   of  one  on  the  Himalaya  Hemlock, a/iJ 
tries  to  show   how   former  interpreters   had   misunderstood  their 
teaching,  and  how  these  examples  fully  confirm  his  own  viewg. 
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)re8sed  in  the  foregoing  paper.  He  has  proeuRMl  the  very 
cimens  which  Stenzel,  Willkomm,  Oersted  and  Parlatore  had 
tniined,  analyzed  thera  with  great  care,  and  gives  figures  and 
tions  of  the  principal  forms  foun<l.  He  demonstrates  that  the 
L'alled  fruit  scale  in  those  monstrous  cones  is  not  divided  into 
y  lateral  leaves,  hut  becomes  irreijularlv  toothed,  folded  or 
•ed,  sometimes  simulating  two  or  more  leaves,  and  finally  devel- 
?8  a  knob  and  at  last  a  bud,  which  mav  and  does  sometimes 
»w  out  into  a  branch,  always  on  the  inside  of  and  adnate  to  the 
tamorphosed  scale,  i.  e.  on  the  side  towards  the  axis  of  the  cone, 
en  enveloped  by  its  folds,  but  never  between  it  and  the  bract, 
ich  ought  to  be  the  case  if  the  now  prevailing  view  of  the 
ure  of  the  scale  (as  formed  by  two  lateral  leaves  connate  on 
•ir  axial  side)  were  true. 

["nfortunatelv  he  has  not  had  occasion  to  examine  such  mon- 
osities  where  these  two  leaves  are  foliaceous,  partly  or  entirely 
tinct,  originating  not  from  the  base  but  from  the  very  axil  of 
•  bract,  and  not  divided  by  any  possible  pressure,  such  as  occur 
the  base,  not  at  the  top,  of  proliferous  cones  of  Tsuga  Canaden- 
In  such  cones  the  transformation  progresses  from  a  pair  of 
>arate  leaves  in  the  axil  of  a  leaf-like  bract  to  the  partly  united, 
?n  to  the  small  and  notched  scale,  at  last  to  the  large  ovuliferous 
lie  in  the  axil  of  a  small  retuse  bract. 

It  may  be  stated  in  passing,  that  the  first  lateral  bracts  at  the 
se  of  a  shoot,  in  pines  at  least,  are  not  inclined  outward  or 
ward  the  supporting  bract,  but  rather  decidedly  inward,  toward 
e  axis,  and  are  overlapping  on  the  inner  and  upper  side  of  the 
lOot,  leaf-bundle,  or  flower. 

Professor  Eichler  has  given  us  a  very  valuable  contribution 
»wards  the  solution  of  the  interesting  question  he  treats  of;  but 
t  has  not  yet  settled  it,  and  it  will  continue  to  tax  thjB  ingenuity 
^  morphologists.  g.  kngelmann. 

10.  Domestication  of  Wild  Ducks,  (Bulletin  of  the  Buftalo 
Dciety  of  Natural  Sciences,  vol.  iv,  No.  2.) — In  a  paper  "on 
le  domestication  of  some  of  our  Wild  Ducks,''  Mr.  Charles  Lin- 
en, the  author,  states  after  efforts  to  domesticate  several  of  the 
xKJie^,  capturing  them  young  or  raising  them  from  eggs,  that 
9116  of  those  transferred  to  the  barn-yard  "adapted  themselves 
joroughly  to  this  state  excepting  the  Mallard,  Dusky  Duck  and 
anada  Goose,  the  progeny  of  which  prospered  well  and  attained 
greater  weight  and  size  than  the  ordinary  domesticated  stock, 
ome  or  them  are  still  living  and  betray  in  many  instances  a  ten- 
eiicy  to  revert  in  point  of  plumage  to  their  original  condition, 
hile  the  majority  have  become  completely  metamorphosed  into 
pdinary  barn-yard  fowl.  No  hybrids  from  any  two  different 
ild  species,  which  bred  only  within  the  enclosure,  were  ever 
btained  excepting  from  crosses  between  the  Mallard  and  Dusky 
'uck."  The  crossing  was  readily  accomplished  "  without  any 
?ed  of  resorting  to  special  inducements."  He  says,  "  it  is  evi- 
?nt  that  the  Dusky  Duck  is  fully  as  domesticable  as  the  Mallard 
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wl)ich  Hhh  been  thus  far  supposed  to  be  the  ori^nator  of  our  cora- 
inttw  tamed  duCks.'" 

1 1 .  CoHchologische  AfiftheUutit/en,  als  l^hrtsetZKng  deu  Xori 
tate^  (Joucholoijicw^  herausgegeben  von  Dr.  E.  von  JNIartius,  Prrh 
fessor  in  Berlin.  Band  I.  104  pp.  8vo,  with  18  colored  plates. 
Kassel,  Germany,  1H81.  (Theodor  Fiseher.) — The  plates  illustrate 
species  (with  their  varieties)  of  the  genera  yanina^  llelis^  Buliini- 
iniSy  Plettrotomaria^  Pleurotoma^  Bncrinur/iy  J^fpa^  IfelioarUm, 
Linniaea^  Tornafellina^  Sfenof/t/ra,  and  Partttln. 

III.    Mtsckllankous  Scientific   Intklligknck. 

FirHt  A  unit  (U  Report  of  the  Bureau  of  Ethnology^  to  the 
Secretary  of  the  Smithsonian  Institution  187fl-'80;  by  J.  \V. 
Powell,  Director.  «()4  pp.  Roy.  Hvo,  with  many  plates  and 
wood-cut  illustrations.  Washington,  1881. — After  a  prefatory 
statement,  by  the  Director,  of  the  work  now  in  proi^ress,  under  the 
auspices  of  the  Ethnological  Bureau,  by  a  number  of  special  inves- 
tigators, this  volume  presents  a  series  of  very  valuable  papers 
pertaining  chiefly  to  the  Noith  American  Indians.  The  subjects 
of  Mr.  PowellV  own  reports  are  (I)  the  Evolution  of  language,  (2) 
sketch  of  the  Mythology  of  the  North  American  Indians,  (3)  Wy- 
andot government,  (4)  on  Limitations  to  the  use  of  some  anthrojiI»- 
logic  data.  These  are  followed  by  other  reports  as  follows:  a 
further  contribution  to  the  study  of  the  Mortuary  customs  of  the 
North  American  Indians,  by  II.  C.  Yarrow;  Studies  in  Central 
American  Picture  writing,  by  E.  S.  IIoldkn;  Cessions  of  land  by 
Indian  tnbes  to  the  United  States,  bv  0.  V,  Royck  ;  Sign  language 
among  North  American  Indians,  (>y  Col.  Garrick  Mallkry; 
C'atatogue  of  linguistic  manuscripts  in  the  library  of  the  Bureau 
of  Ethnology,  by  J.  C.  Pilling;  Illustrations  of  the  method  of 
recording  In<lian  languages,  from  the  MSS.  of  J.  O.  Dorset,  A. 
S.  (tathchkt  and  S.  R.  Kiggs.  llie  numerous  illustrations  of  tht> 
volume  are  highly  instructive  as  to  Indian  rites,  modes  of  life, 
l)yeroglyphics,  and  sign  language,' and  other  topics  discussed. 

OBITUARY. 

C'harlks  Kohkrt  Darwin,  whose  '*  Origin  of  Species"  caused 
a  change  in  the  world's  thought  almost  as  abrupt  as  a  turn 
in  the  tide,  and  whose  later  works  have  successively  led  the  way 
into  new  fields  of  research,  died  on  Wednesday,  the  19th  of 
April.     Darwin  was  born  on  the  I2th  of  February,  1809. 

?].  Dksok,  of  Neufchatel,  Switzerland,  died  early  in  March.  Mr. 
Desor  was  with  Agassiz  in  his  investigations  of  the  Alpine  gla- 
ciers, and  later  published  an  iride})endent  volume  on  the  subje<t. 
He  was  the  author  also  of  varions  geological  and  paleontological 
memoirs.  His  property  he  bequeathed  to  the  city  of  Neufchatel 
for  scientific  purposes. 

Bulletin  of  the  Museum  of  Coraparative  Zoology  at  Harvard  Collejre.  Vol.  IX. 
No.  1.  ••  Descriptiof'  Sommaire  des  eap^ces  nouvelles  d'Asteries,''  by  Edmond 
Perrier.  Prof.  Jardin  des  IMantes  de  ParivS :  being  one  of  the  Reports  of  the 
results  of  dredging  under  the  supervision  of  Alexander  Agassis,  in  the  Gulf  of 
Mexico,  1877-78,  by  the  United  States  Coast  Survey  Steamer  "Blake. '^  32  pp., 
Svo.    Garni 
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Art.  XLIX.— Respiration  of  Plants;  by  W.  P.  Wilson,  S.D. 

The  process  of  breathing  in  animals  and  plants  is  essentially 
the  same.  In  both  the  free  oxygen  from  the  air,  or  surrouna- 
ing  medium,  is  carried  into  the  living  tissues,  where,  after  a 
series  of  chemical  changes,  carbonic  acid,  water  and  perhaps 
8ome  minor  compounds  are  evolved  as  excretory  products. 

The  changes  in  the  living  cell,  alike  in  animals  and  plants, 
determine  the  amount  of  oxygen  taken  up  and  the  products 
^iven  off.  In  both  an  increase  of  temperature  is  a  direct  effect 
)f  respiration. 

In  this  process  of  respiration,  for  plants  a^  well  as  animals,  a 
ertain  amount  of  absolutely  necessary  force  is  secured  for  sup- 
>ljing  the  life-functions  of  the  organism.  If  either  the  living 
nimal-  or  plant-cell  be  deprived  of  oxygen  for  any  considerable 
ength  of  time  the  life  activities  cease,  and,  later,  death  ensues. 
This  oxygen-respiration  is  then  a  constant  need  of  the  living 
ell,  whether  it  be  of  plant  or  animal. 

When  plants  possessing  chlorophyll  are  exposed  to  the  sun- 
ight  they  carry  on  a  process  of  assimilation,  in  which  organic 
mbstance  is  produced  from  carbonic  acid  and  water,  and  oxy- 
gen set  free.  The  amount  of  carbonic  acid  decomposed  and  of 
oxygen  given  off,  in  this  preparation  of  organic  food  for  the 
plant,  far  exceeds,  as  a  rule,  the  carbonic  acid  excreted  and  the 
oxygen  taken  up  in  respiration.  Thus  it  happens  that  the 
process  of  respiration,  in  plants  containing  chlorophyll  and 
exposed  to  the  light,  is  a  hidden  one,  and  difficult  of  demon- 
stration. 

Am.  Jour.  Sol— Third  Sbriss,  Vol.  XXIIl,  No.  188.— June,  1882. 
29  1 
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When  plants  are  deprived  of  every  trace  of  free  oxygen  by 
placing  them  in  an  atmosphere  of  nitrogen  or  of  hydrogen, 
they  still  continue,  so  long  as  life  exists,  to  excrete  carbonic 
acid.  The  discovery  of  this  fact,  which  has  been  observed  for 
animals  as  well  as  plants,  is  not  of  recent  date^  although  its 
signification  was  only  recently  understood.  As  early  as  1798 
Rollo*  observed  that  barley,  which  had  been  wet  for  two  days 
and  then  placed  in  a  vacuum,  excreted  carbonic  acid;  and  that 
at  the  end  of  twelve  days,  the  amount  equaled  six  times  the 
volume  of  the  barley. 

Saussuref  placed  plants  in  an  atmosphere  of  nitrogen  to  see 
if  they  would  grow,  and  found  that  they  excreted  carbonic 
acid,  which  he  remarks  must  have  been  produced  at  the  ex- 
pense of  the  substance  of  the  plants. 

At  a  still  later  date  Berard,:j:  while  experimenting  on  the 
preservation  of  fruits,  placed  green  peai*s  in  a  vacuum  and 
observed  for  several  days  following  an  excretion  of  carbonic 
acid. 

Broughton§  and  also  W.  PfefFer||  have  recorded  the  same 
phenomenon  in  plants  deprived  of  free  oxygen. 

In  1875,  Pfluger^  obtained  some  very  interesting  results  in 
animal  respiration  while  experimenting  on  frogs.  These  animals, 
placed  in  an  atmosphere  of  nitrogen,  were  found  during  the 
first  five  hours  and  a  half  to  expire  nearly  the  same  amount  of 
carbonic  acid  as  if  they  had  been  placed  in  pure  oxygen.  In 
another  of  Pfliiger's  experiments,  a  frog  continued  to  give  off 
carbonic  acid  during  eleven  consecutive  hours,  and  at  the  end 
of  that  time  had  apparently  lost  none  of  its  normal  powers. 
Pfluger  showed  that  these  chemical  activities,  which  result  in 
the  expiration  of  carbonic  acid  in  the  absence  of  free  oxygen, 
take  place  in  the  .cells.  He  named  the  process  intramolecalar 
respiration. 

In  1878  a  critical  resume  on  the  nature  and  signification  of 
respiration  in  plants,**  written  by  W.  Pfeffer,  brought  together 
all  the  then  known  facts  which  could  be  made  to  bear  on  this 
subject.  The  similarity  existing  between  animal  and  plant 
respiration  was  sharply  noted,  and  the  term  intramoltcukr 
respiration,  taken  from  Pfluger,  was  made  to  cover  a  like  series 
of  phenomena  in  plant  life,  viz:  the  chemical  changes  continu- 

*  Annales  de  Chiiiiie,  1798,  vol.  xxv.  p.  42. 

f  Hoclierches  (•hiiiiitiues,  1804.  p.  201. 

\  Aanal.  de  ('hiinie  et  de  Physitiue,  vol.  xvi,  1821,  p.  174. 

J^  Hot.  Zeit.  1870,  p.  G47. 

I  Arbeit,  d.  Wurzburger  Instituts,  1871,  Bd.  I,  p.  :54. 

^  Archiv.  fiir  Pby8iolog:ie,  Bd.  X,  1875,  p.  313.  PHuger  gives  other  refer- 
<*nees  to  investigators  in  animal  physiology  who  had  made  similar  experiraenta  on 
frogs,  dating  back  into  the  1 8th  century. 

**  Das  Wesen  und  die  Bedeutung  der  Athmung  in  der  Pflunze,  Landwirth* 
schaftliche  Jahrbticher,  1878,  Bd.  VII,  p.  805. 


W.  P,  Wilson — Bespiration  of  Plants.  425 

ing  to  take  place  in  the  plant-cell  after  oxygen  has  been  with- 
drawn, resulting  always  in  the  production  of  carbonic  acid,  and 
often  in  other  more  or  less  important  products.  In  this  article 
the  author  lays  great  stress  on  intramolecular  respiration  as  being 
the  first  cause  of  the  oxygen  or  normal  respiration. 

One  of  the  next  works  of  any  special  importance  on  plant 
respiration  appeared  in  1879.*  Wortmann  measured  and  com- 
pared the  carbonic  acid  expired  from  germinating  plants  placed 
in  common  air,  with  that  given  off'  from  an  equal  number  of 
plants  placed  in  a  vacuum. 

He  states  that  for  short  periods  of  time  (from  one  to  three 
hours),  the  presence  or  absence  of  free  oxj^gen  makes  absolutely 
no  difference  in  the  amount  of  excreted  carbonic  acid  gas.  On 
the  basis  of  these  results  he  proposed  a  new  theory,  viz :  that 
all  the  carbonic  acid  produced  in  plant  respiration  has  its  origin 
in  intramolecular  decompositions;  or,  in  other  words,  that  the 
free  oxygen  of  the  air  taket*  no  direct  part  in  the  formation  of 
xhe  carbonic  acid  in  respiration. 

The  following  paragraphs  consider  briefly  one  phase  of  intra- 
molecular respiration  and  give  in  very  condensed  abstract  a 
series  of  experiments  which  will  later  be  published  in  full.f 

The  main  question,  here  discussed,  is  whether  the  carbonic 
acid  excreted  in  plant-respiration  is  or  is  not  a  partial  product  of 
direct  oxidation  from  the  fr&i  oxygen  of  the  air. 

To  decide  this   question,  quantitative   measurements   were 
made  of  the  expired  carbonic  acid  from  the  same  plants  placed 
both  in  air  and  in  hydrogen  gas.     The  methods  of  experimenta- 
tion used  were  the  following:  a  constant  current  of  air,  previ- 
ously freed  from  carbonic  acid,   was  passed   by  means  of  an 
aspirator,  first  through  a  large  number  of  germinating  seeds,  or 
other  objects  to  be  experimented  upon,  and  then  through  long 
tubes  filled  with   barium   hydrate  in  which   the  carbonic  acid 
given  off  by  the  seedlings  was  absorbed,  essentially  in  accord- 
ance with   Pettenkofer's   method.:}:     After  a  given   time  had 
elapsed,  hydrogen,  as  an  indifferent  gns,  was  used  to  replace 
the  air.     This  was  quickly  done  by  exhausting  the  air  in  the 
seed-vessel  and   tubes  leading  thereto,  and  then   introducing 
hydrogen  to  take  its  place.     A  constant  current  of  hydrogen 
was  then  passed  over  the  seedlings,  precisely  as  had  been  done 
previously  with  air. 

The  carbonic  acid  was  determined  for  either  half  hourly  or 
hourly  intervals.     This  was  easily  accomplished  by  using  two 

*  Wortmann,  uber  die  Beziehungon  der  iDtranioleoularen  zur  normalen  Athmimg 
der  Pflanze,  in  Arbeit  d.  Wiirzburg  Institiits,  1880,  Bd.  II,  p.  500. 

f  A  much  shorter  abstract  than  the  present  appeared  in  German  in  "Flora," 
Ko.  6, 1S82. 

J  Abhandlimgen  der  Akademie  d.  Wissenschafton  in  Miincheti,  01.  II,  Bd.  IX, 
Abth.  II,  p.  229. 
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absorption  tubes  filled  with  barium  hydrate,  and  so  connected 
together  by  glass  stopcocks  that  the  current  of  air  or  gas,  when 
passing  through  one  tube,  could  be  instantly  turned  through 
the  other  without  interruption.  Thus  while  the  current  passed 
through  one  tube,  the  other  could  be  removed,  emptied,  refilled 
and  replaced  for  the  next  half  hours  determination. 

In  conducting  an  experiment,  measurements  were  made  first 
in  air  for  several  half  hours,  then  the  air  was  replaced  bv 
hydrogen,  and  after  an  equal  number  of  half  hours,  for  hydro- 
gen was  again  substituted  air,  in  which  the  third  series  of  deter- 
minations took  place.  The  last  series  in  air  was  used  to  com- 
pare  with  the  first,  and  it  readily  showed  whether  the  seedlings 
had  undergone  any  lasting  change  for  want  of  oxygen.  The 
temperature  of  the  plants  for  any  given  experiment  was  not 
allowed  to  vary ;  also  the  current  of  air  or  gas  was  held  con- 
stant  for  all  the  successive  half  hours. 

A  great  advantage  in  the  methods  here  adopted  lay  in  sub- 
jecting the  same  seedlings,  first  to  air,  and  then  to  hydrogen; 
thus  the  products  of  the  respiration  of  the  same  plants  under 
these  two  different  conditions  could  be  compared.* 

A  large  number  of  seedlings  were  employed  (from  one  \k\ 
several  hundred,  according  to  size),  thus  ensuring  the  pn)duc- 
tion  of  a  comparatively  large  amount  of  carbonic  acid  in  a 
short  space  of  time,  with  which  much  more  accurate  measure- 
ments could  be  made  than  with  small  quantities.  The  amonnt 
of  carbonic  acid  was  determined  by  the  volumetric  method. 

According  to  the  investigations  of  Wortmann  with  seedlings 
of  Vicia  Fab(t^  Phaseolus  mulHJiorus  and  some  others,  the  car- 
bonic acid  excreted  in  short  spaces  of  time,  one  to  three  hours, 
was  found  lo  be  the  same  whether  oxygen  was  present  or  not.f 

In  the  case  of  seedlings  of  Vicia  Faba,  with  which  Wortmann 
mostly  experimented,  I  have  found  this  to  be  substantially 
true ;  for  all  othor  germinating  plants,  flowers,  or  parts  of  plants 
there  was  an  immediate  decre.-ise  in  the  carbonic  acid  produced 
when  oxygen  was  excluded.  The  first  half  hours  respiration 
in  hydrogen  often  yielded  but  one  third  or  even  one-fourth  the 
carbonic  acid  produced  by  the  precluding  half  hour's  respiration 
in  air.  After  three  or  four  consecutive  half  hours  of  intm mole- 
cular respiration,  sometimes  from  the  very  fii-st,  a  steady 
decrease  in  the  carbonic  acid  was  recorded  for  every  following 
half  hour.  This  was  also  found  to  be  true  for  Vicia  Fak. 
The  following  are  the  results  obtained  from 

*  Wortmann  used  two  sets  of  plants,  as  nearly  alike  as  selection  would  permit, 
one  in  vacuum  compared  with  one  in  air. 

f  "  AIs  ich  jedoch  die  in  ganz  kurzen  Zeiiriiumen — uacli  derersten,  zweiten  und 
dritten  Stunde — ausgeschiedeneii  Kohlensauremengen  mit  einander  verglich.  so 
fand  ich  jedesmal.  •  dass  das  in  dieser  Zeit  durch  inirunioleculare  Athmtmg  ausge- 
Bc^hiedene  Kohlensaurevolumen  dem  durch  noruiale  Athmungcrzeugten  gleichist.  '" 
Wortmann,  1.  c,  p.  509. 
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Lnpifius  luteus, 

,    ^    .    ,       ..  (Ist  half  hour,         5.7  mgn...    (;q^ 

1.  renoa.     Air.  j  ^^  y^^,j.  y^^^^^        ^.^     .. 

TT    r»    •   J      i^T    J  i  ♦^d  half  hour,         rs 

II.  Period.     Hydrogen,  j  ^^^  j^^,^.  j,^,^;^        ,  .^ 

iTr    T*    •   J     A-  (  5th  half  hour,        3*9 

III.  Period.  Air.  -^  g^^  ^^j^  ^^„^'        ..^ 

TThc  comparative  decrease  in   the  amount  of  expired  carbonic 
:acid  in  hydrogen  is  here  greater  than  with  many  plants.     The 
following  fungus  shows  much  less  difference : 

Canthardhts  cibarims. 

I.  Period.     Air.  1  hour  =16-20 '"'?'"^-    CO,. 

II.  Period.     Hydrogen.  \  {  b^"'*=^'?^  \  =10-80     " 

^       ^       (J  nour=5-oJ  ) 

III.  Period.     Air.  1  hour  =16-20 


((  (( 


It  will  be  seen  that  with  Lupinus  Itdeus  less  carbonic  acid  was 
measured  in  the  fifth  than  in  the  sixth  h«lf  hour.  This  is 
partially  based  upon  the  fact  that  at  the  beginning  of  the  fifth 
half  hour  the  seed-vessels  contained  less  carbonic  acid  than  at 
the  beginning  of  the  sixth.  With  a  constant  current  of  air  and 
a  constant  production  of  carbonic  acid,  it  requires  a  little  time 
after  the  air  or  gas  has  been  changed  before  an  equilibrium 
between  the  produced  and  the  out-flowing  gas  establishes  itself. 

Among  a  large  varietj'^  of  germinating  plants,  branches  with 
leaves,  flowei-s,  fruits  and  fungi,  Vicia  Faba  has  been  the  only 
plant  which  has  given  results  differing  from  the  above. 

That  the  volume  of  carbonic  ncid  expired  in  normal  and  in 
intramolecular  respiration  is  the  same,  is,  therefore,  in  accor- 
dance with  the  facts  above  stated,  untrue.  The  theory  which 
Wortmann  founded  upon  this  fallacy,  viz:  that  the  total 
volume  of  carbonic  acid  excreted  in  plant- respiration  has  its 
origin  absolutely  independent  of  the  oxygen  of  the  air,  in 
intramolecular  decompositions,  falls  also  to  the  ground. 

Moreover,  if  it  had  been  found  by  experiment,  that  the 
volume  of  carbonic  acid  given  off  in  intramolecular  equaled 
that  of  normal  respiration,  Wortmann*s  theory  would  still  fail. 

This  has  been  well  shown  by  W.  Pfeffer,  in  saying,  substan- 
tially :  if  an  equal  amount  of  carbonic  acid  were  formed  in 
both  intramolecular  and  normal  respiration  this  would  only 
prove  that  the  same  number  of  carbon  affinities  for  oxygen  had 
been  satisfied  in  each  case,  would  in  no  way  indicate  from 
whence  the  supply  of  oxygen  came.  And  in  case  free  oxygen 
"was  active  in  normal  respiration,  still  in  intramolecular,  when 
free  oxygen  was  absent,  the  full  supply  might  yet  be  obtained 
xhrough  constant  powerful  attractive  forces  which  could  take 
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oxygen  from  other  combinations,  and  in  this  way  give  rise  to 
secondary  changes.* 

Partial  presence  of  Oxygen. — When  seedlings  of  Helianilm 
annuus  are  placed  in  a  current  of  common  air  for  a  given 
period  of  time,  and  then  for  the  same  length  of  time  are  ex- 
posed to  a  current  of  air  made  up  of  a  mixture  of  one-fifth  air 
and  fourth  fifths  hydrogen,  a  comparison  of  the  excreted  car- 
bonic acid  in  both  cases  shows  no  difference  whatever.  SufR. 
cient  oxygen  is  present  in  the  mixture  to  supply  all  demands 
made  by  the  plants.  When,  however,  the  expired  carbonic 
acid  in  the  respiration  of  plants,  placed  first  in  air,  and  then  in 
a  mixture  o^  -^  air  and  ^  hydrogen,  is  compared,  one  finds  the 
amount  much  greater  during  respiration  in  air.  Thus  a  trifle 
over  one  per  cent  of  oxygen  in  the  air  is  not  sufficient  to  supply 
the  demands  for  this  gas  made  by  such  seedlings. 

Influence  of  bghl  on  respiration, — The  presence  of  light  does 
not  in  any  appreciable  degree  directly  affect  the  amount  of 
carbonic  acid  given  off  in  the  respiration  of  plants.  I  have 
experimented  on  Orobanche,  Monotropa,  Fungi  and  seedlings 
of  several  kinds.  Neither  in  air  nor  in  hydrogen  gas,  for  plants 
placed  in  the  light  or  in  the  dark,  is  there  any  difference  in 
the  excreted  carbonic  acid  which  can  be  measured.f 

Tiibingen,  Wurtemberpr,  April,  1882. 


Art.  L. — On  the  Question  of  Electrification  by  Evaporation;  by 
S.  H.  Freeman,  Fellow  in  Physics  in  Johns  Hopkins  Uni- 
versity, Baltimore,  Md. 

It  has  been  very  commonly  believed  that  evaporation  is  an 
important  source  of  atmospheric  electricity.  So  far  as  this  be- 
lief has  an  experimental  basis,  it  is  to  be  found  in  the  researches 
of  Pouillet,:]:  and  of  Tait  and  Wanklyn.§  In  comparison  with 
their  work  the  experiments  of  Volta,  Saussure  and  others arcof 
little  value.  As  the  result  of  an  elaborate  series  of  experiments 
Pouillet  came  to  the  following  conclusions: 

1.  Simple  changes  of  state  never  give  the  least  sign  of  elec- 
trification. 

*  Demi  daraiii^  folgt  niir,  dass  in  beiden  Fallen  gleichviel  AffiDitaten  des  Kohleu- 
stoffs  mit  iNtuerstoff  gesattigt  werdoii,  nicht  woher  dieser  stammt,  und  falls  der 
freie  Sauerstoff  mitwirkte.  konnten  beiin  Fehlen  dieses  die  fortdauernden,  maobti- 
gen,  Anziehuiigskrafte  niinmehr  ihre  voile  Hcfriedigung  finden,  indem  sie  durch 
Entreissiing  von  ?Naueratoflf  aus  under weitigen  Verbindungen  eben  die  VeranUs- 
sung  zu  sekundaren  Prozessen  werden.  Pfeflfer,  Pflanzenphysiologie,  Bd.  I.  1881. 
p.  371. 

f  The  methods  of  analysis  which  I  have  used  allowed  the  detection  of  ODe- 
tenth  of  a  milligram  of  carbonic  acid  without  difficulty. 

X  Annales  de  Chimie  et  de  Physique,  IJ,  tome  zzzv,  p.  401,  and  xxxvi.  p.  4. 

t^  Phil.  Mag.,  IV,  vol.  xxiij 
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2.  From  solutions  of  alkaline  solids  the  water  evaporated 
•ries  away  a  negative  charge. 

3.  From  solutions  of  gases,  acids  or  salts  the  water  carries  off 
x)sitive  chai-ge. 

Tait  and  Wanklyn  repeated  Pouillet's  experiments  with  a 
ich  more  sensitive  electrometer.  They  detected  electrifica- 
n  where  Pouillet  had  failed  to  do  so,  e.  g.,  in  the  evaporation 

distilled  water;  and  in  some  other  cases  the  effects  obtained 
ire  totally  different  in  kind  and  degree  from  those  obtained 
'  Pouillet  and  earlier  experimenters. 

In  these  experiments  a  few  drops  of  liquid  were  dashed  on  a 
i  hot  platinum  dish  insulated  and  connected  with  an  electro- 
eter.  So  long  as  the  spheroidal  state  continued,  little  or  no 
ectrification  was  observed;  but  as  soon  as  violent  vaporization 
;gan,  decided  deflections  were  obtained.  This  fact  and  other 
rcumstances  about  the  experiments  indicate  that  friction  was 
B  chief  source  of  electrification  and  make  it  doubtful  whether 
aporation  had  any  part  in  producing  the  observed  electrifica- 
n.  Tait  and  Wanklyn  recognized  the  fact  that  to  friction 
s  due  a  large  part  of  the  electrification  which  they  obtained. 
11,  in  his  lecture  on  Thunder  Storms,*  Professor  Tait,  speak- 
J  of  atmospheric  electricity,  says:  '*In  calm,  clear  weather 
5  atmospheric  charge  is  usually  positive.  This  is  very  com- 
ply attributed  to  evaporation  of  water,  and  I  see  no  reason 

doubt  that  the  phenomena  are  closely  connected."  After 
iding  these  lectures  the  writer  of  this  article  decided  to  inves- 
ate  whether  evaporation  alone  and  under  normal  conditions 
ises  electrification,  and  whether  such  electrification,  if  any, 
sufficient  to  account  for  the  phenomena  of  atmospheric  elec- 
city.  In  this  connection  it  will  be  remembered  that  Faraday 
ced  the  electricity,  produced  by  the  escape  of  steam  or  water 
•m  orifices,  to  friction,  and  concluded  it  was  not  due  to  evap- 
ition,  nor  did  it  have  any  bearing  on  atmospheric  electricit3\ 
The  investigation  was  begun  with  the  expectation  on  the 
rt  of  the  writer  of  finding  electrification.  Professor  Row- 
id,  to  whom  the  author  is  much  indebted,  believed  that  no 
petrification  would  be  found.  In  any  case  the  subject  seemed 
portant  enough  to  warrant  experiments  which  were  free  from 
3  objections  which  hold  against  those  already  described.  At 
3  very  beginning  of  the  investigation  it  was  found  that  at 
wt  the  electrification  due  to  evaporation  would  be  extremely 
all  and  very  great  caution  would  be  necessary  to  eliminate 
rious  sources  of  error.  The  apparatus  finally  used  consisted 
an  evaporating  dish  19""  in  diameter  and  1*^  deep,  insulated, 
d  oonnected  with  one  pair  of  quadrants  of  a  Thomson^s  quad- 
Dt  dCMSirometer.     The  other  pair  of  quadrants  and  the  case  of 

♦  Nature,  vol.  xxii,  p.  340. 
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the  electrometer  were  connected  with  earth.     By  means  of  a 
mercury  commutator  the  evaporating  dish  and  its  connections 
could  also  be  connected  with  earth.     The  evaporating  dish  was 
supported  on  a  wire  frame  suspended  by  silk  threads.     To  pre- 
vent disturbances  due  to  electricity  on  neighboring  objects,  par- 
ticularly the  clothes  of  the  observer,  it  was  found  necessary  to 
enclose  the  whole  apparatus  in  a  metallic  case.     Openings  were 
made  in  this  case  to  facilitate  evaporation  and  to  permit  the 
mirror  of  the  electrometer  to  be  seen.     The  commutator  was 
governed  by  a  silk  thread  passing  through  an  opening  in  the 
case.     In  the  experiments,  the  results  of  which,  are  given  in 
table  II,  the  evaporating  dish  was  of  copper ;  in  the  other  cases 
it  was  of  tin.     The  liquids  examined  were  alcohol,  sulphuric 
ether,  water,  and  solutions  of  NaCI  and  of  CuSO,.     The  last 
three  were  most  carefully  studied,  water  and  NaCl  because  of 
their  importance  in  evaporation  in  nature,  and  CuSO,  because 
of  the  very  large  deflections  which  Tait  and  Wanklyn  obtained 
with  it 

The  electrometer  was  about  thirteen  times  as  sensitive  as 
Professor  Tait's.  Its  deflections  were  reduced  to  absolute 
measure  by  comparison  with  a  DanielTs  cell,  the  deflections 
produced  by  which  were  observed  before  and  after  each  series. 
The  capacity  of  the  evaporating  dish  and  its  connections  was 
found  by  comparison  with  Professor  Rowland's  standard  con- 
denser to  be  65*""  nearly.  The  rale  of  evaporation  was  deter- 
mined by  weighing  the  evaporating  dish  and  liquid  before  and 
after  each  series.  It  was  found  impossil)le  to  eliminate  every 
source  of  electricity  except  evaporation,  since  deflections  were 
always  obtained  even  with  the  evaporating  dish  dry.  In  order 
to  correct  for  this  each  series  began  and  ended  with  two  or 
more  observations  of  the  deflections  obtained  by  insulating  for 
a  known  time,  usually  five  minutes,  the  dry  evaporatmg  disL 
Between  these  observations  several  similar  observations  with  the 
liquid  evaporating  were  made. 

As  the  result  of  a  large  number  of  observations  in  which  the 
evaporating  dish  was  insulated  for  five  minutes: 

Al(K)hol  gave  a  potential  from  —04  to  — -09  that  of  a  Danieirs  cell. 

Cotton  wet  with  alcohol  pave  a  potential  from  -f*  02  to  —  -06  "  '* 

Sulphuric  ether  gave  a  potential  from  —•02  to— '10  ''  " 

(The  sign  indicates  the  charge  apparently  carried  away  by  the 
vapor.)  No  correction  has  been  made  in  the  above  figures  for 
the  deflections  obtained  with  the  dry  dish.  These  were  more 
variable,  but  usually  of  the  same  sign,  as  when  a  liquid  was 
evaporating,  and  of  a  magnitude  not  very  diflerent  Making 
til  is  necessary  correction — 

Al(X)hol  jrave  a  potential  from  - 024  to  — 'OGG  that  of  a  Daniell's  cell. 

Cotton  wet  with  ak'ohol  pu'o  pot'l  from    -'028  to  — '050 
Sulphuric  ether  gave  a  potential  from        —•004  to  —'023         '' 
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the  above  observations  the  rate  of  evaporation  was  not 
^asared. 

The  earlier  observations  on  water  and  salt  water  gave  defleo- 
ms  about  O'l  that  given  by  a  DanielFs  cel^  the  deflections 
th  the  dry  dish  being  nearly  the  same  (see  table  I).  Though 
e  dish  was  insulated  for  five  minutes  or  more,  the  position  of 
e  spot  of  light  was  read  every  30  seconds.  Far  the  greater 
irt  of  the  deflection  was  attained  in  the  first  minute  or  two, 
id  after  five  minutes  scarcely  any  further  deflection  could  be 
scovered. 

The  observations  thus  indicated  that  the  small  deflections 
)tained  were  mainly  due  to  leakage  from  electrified  parts  of 
le  apparatus.  The  sources  of  this  leakage  were  carefully  in- 
>stigated  and  three  principal  ones  were  discovered,  viz :  the 
larged  needle  of  the  electrometer,  the  vulcanite  posts  support- 
ig  the  electrodes  of  the  electrometer,  and  the  glass  cup  of  the 
)ramutator.  In  the  later  experiments  care  was  taken  to  elim- 
late  these  sources  of  leakage  as  far  as  possible.  The  connec- 
ons  were  so  made,  that  the  electrodes  and  commutator  were 
ot  touched  for  days  before  the  experiments,  and  the  charge 
n  the  needle  was  not  replenished  within  about  24  hours  of  the 
xperiment.  When  these  precautions  were  taken,  the  deflec- 
ons  became  less  than  001,  and  generally  less  than  0*005  of  a 
^anielTs  cell  (see  table  II). 

In  contrast  with  these  deflections,  Tait  and  Wanklyn  ob- 
lined  by  dashing  liquids  on  red  hot  platinum,  for 

Solution  CUSO4  a  potential  +  300  times  that  of  a  Daniell's  cell. 

Solution  NaCl  a  potential  + 120         '•         "  " 

Distilled  water  a  potential  +   24        "        "  '' 

Alcohol  +3         '* 

In  order  to  compare  the  deflections  obtained  by  evaporation 
ith  those  obtained  by  friction,  the  experiments  of  Tait  and 
iTanklyn  were  repeated.  It  was  impossible,  however,  to  meas- 
re  the  deflections  obtained,  since  in  almost  every  case,  as  soon 
5  the  spheroidal  state  ceased,  the  spot  of  light  went  beyond  the 
mits  of  the  scale. 

To  show  the  sensitiveness  of  the  apparatus  to  very  slight  fric- 
on  it  was  so  arranged  that  the  drops  of  liquid  could  fall  upon 
le  evaporating  dish  from  an  insulated  conductor  in  metallic 
mnection  with  it.  A  few  drops  of  liquid,  falling  8  or  4"", 
ere  sufficient  to  give  deflections  of  nearly  the  size  obtained 
3m  a  Daniell's  cell  and  much  larger  than  any  obtained  in 
aporation. 

In  order  to  compare  the  results  obtained  with  the  phe- 
•mena  of  atmospheric  electricity  the  writer  computed  the 
rtual  depth  of  water  which  would  be  necessary  to  produce 
e  flash  of  lightning,  if  the  vapor  in  a  thunder-cloud  had 
en  electrified  as  indicated  by  tlie  experiments.     By  virtual 
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depth  is  meant  the  depth  of  the  layer  of  water  over  the  whole 
area  of  the  cloud,  were  all  its  vapor  condensed  to  the  liquid 
state. 

Let  J=this  depth  in  cm.  for  a  cloud  of  area  A  and  height  a. 

Let  V  and  C= respectively  the  potential  and  capacity  of  the 
cloud. 

Let  j=the  charge  per  gram  of  water. 

Then 

VC 


J  = 


A^ 


But  from  Sir  Wm.  Thoraaon's  experiments  V=130a,*  and 
by  the  ordinary  formula  for  a  condenser  of  horizontal  plates 

c=A 

\na 

Now  in  the  experiments, 

Let  c?=the  deflection  obtained  by  insulating  for  i  minutes, 
and  apparently  due  to  evaporation. 

Let  I)=the  deflection  obtained  from  a  Daniell's  cell. 

Let  W= weight  in  grams  of  liquid  evaporated  in  T  minutes. 

liCt  V  and  c=potential  and  capacity  of  evaporating  disband 
its  connectiona 


m 


d 


But  c'=65  cm.  as  stated  above;  and  ?;=0*00374=r  in  electro- 
static units  according:  to  Sir  Wm.  Thomson's  measurements.! 
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experiments. 

I. 

Ihble  s/i  owing  resit  Its  of  earlier  series. 

a     B 

a 

1                    ' 

«9  • 

Li(iiiid. 

ith 
ratio 

d  in 
scale 

D  IQ 

Acale 

si 

T  In 
min- 

W in    ' 

^ 

^51 

dlvlR. 
Ions. 

dt  vis- 
ions. 

0m 

utes. 

grams.  ; 

1 

in  cm. 

instilled  water 

412 

4G0 

-f  0-48 

4202 

5 

43 

1-44 

630 

•I- 

Distilled  water 

4-82 

4-33 

-0-49 

4205 

5 

43 

0-49 

210 

-. 

Distilled  water 

:i-95 

4-50 

+  0-55 

41-55 

5 

37 

0-54 

237 

+ 

Distilled  water 

2-48 

233 

-015 

42  00 

5 

41 

0-80 

1170 

— 

Solution  NaCl 

G-70t 

4-6H 

-2-02 

41-75 

5 

55 

0-29 

24 

— 

Solution  NaOl 

H.47   . 

4-40 

+  0-93 

41-50 

5 

54 

0-48 

85 

4> 

Solution  NaCl 

3-10 

3-94 

+  0-84 

42-20 

5 

39 

,    070 

.     194 

1- 

*  Papers  on  Electricity  and  Magnetism,  p.  259. 

f  Papers  on  F^lectricity  and  Magnetism,  p.  245. 

j  Throughout  this  series  there  was  an  instantaneous  deflection  at  breaking  coo- 
tact,  which  was  several  times  larger  than  the  total  deflection  obtained  during  the 
5  niiu.  insulation.  The  series  therefore  is  of  much  less  value  than  any  (^  the 
others  in  which  the  instanteOMaii^tfleetioD  was  never  more  than  0*1  of » 
divi.sion. 
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II.   Table  showing  results  of  later  series. 


Liquid. 


itiirated  solutioD' 
CUSO4  i 

i  * 
.1 

•  • 

1 11  rated  solution 
NaCl 

a 
it 

^drant  water 

stilled  water 
»ttou  wet   with 
hvdrant  water 


Deflection 

with 

evaporation. 

Deflection 

with 
dry  dish. 

d  In 
scale 
divis- 
ions. 

D  in 
scale 
divis- 
ions. 

• 
V 

s 

2 

T  in 
min- 
utes. 

W  In 
grams. 

in  cm. 

81|rn  of  appar- 
ent charge 
of  vapor. 

0-3 

0  0 

-f-0-3 

3t-6 

174 

31 9 

198 

-f 

012 

0-6 

+  0-6 

37-6 

2 

174 

319 

99 

4- 

0-8 

0-6 

-I-0-2 

37G 

10 

174 

319 

1482 

4- 

0-6 

0-42 

-I-0-I8 

39-6 

10 

38 

0-9 

2240 

4- 

0-6 

0-21 

-I-0-29 

39-6 

5 

38 

0-9 

695 

+ 

01 

0-21 

-0-11 

39-6 

6 

38 

0-9 

1833 

— 

0-3 

0-21 

-♦-009 

39.6 

5 

38 

0-9 

2240 

4- 

00 

0-35 

-0-35 

39-6 

6 

30 

0-64 

525 

_^ 

0-2 

0-12 

4-008 

39  6 

2 

30 

0-54 

766 

4- 

0-4 

0-35 

-I-005 

39-6 

6 

30 

0-64 

3678 

+ 

1-6 

0-6 

-f  100 

37-6 

10 

30 

059 

318 

4- 

1-45 

06 

-I-0-85 

37-6 

10 

30 

0-59 

373  J 

4- 

1-3 

0-6 

4-0-70 

37-6 

10 

30 

0-59 

454  1 

4- 

0-5 

0-6 

-010 

39*6 

7 

35 

0-89 

3031 

— 

10 

0-66 

-h  0-34 

37  6 

11 

30* 

0-59* 

1029 

4- 

The  actual  value  of  d  (the  virtual  depth  of  water)  for  a  cloud 
300  meters  thick,  if  condensation  began  at  35°  C.  is  about 
9  cm.;  at  80°  C.  is  about  4*5  cm. ;  at  25°  C.  is  about  3*4 
m. ;  at  20°  C.  is  about  2*6  am. ;  at  15°  C.  is  about  1*9  cm. 

Hence,  even  if  the  deflections  d  of  the  tables  are  really  due 
>  evaporation,  and  if  evaporation  be  the  principal  source  of 
le  atmospheric  electricity,  the  quantity  of  water,  which  would 
e  required  10  produce  a  single  flash  of  lightning,  is  very  much 
reater  than  the  actual  quantity  ever  found  in  a  thunder-cloud, 
hile  a  thunder-cloud  usually  gives  not  one  but  many  flashes. 

It  may  be  objected  to  this  reasoning  that  a  thundercloud  in 
>me  way  collects  the  electricity  obtained  by  the  evaporation 
f  a  much  larger  quantity  of  water  than  that  contained  in 
^If.  On  this  account  it  is  of  interest  to  consider  the  total 
v-aporation  on  the  globe.  If  100  cm.  be  taken  as  the  average 
tinual  rainfall  for  the  whole  surface  of  the  earth  and  400  cm. 
e  taken  as  the  value  of  J,  the  total  annual  evaporation  on  the 
irth  is  suflBcient  to  produce  only  about  14,000,000  flashes  of 
ghtning  from  clouds  nine  square  kilometers  in  extent, 
[ence  if  one  were  able  to  observe  every  flash  of  lightning 
hich  occurs  within  eighteen  kilometers  of  himself  the  average 
Umber  of  lightning  flashes  seen  by  such  observers  at  different 
Dints  of  the  earth's  surface  in  one  year  would  be  only  twent}'^- 
ght     Calculation  from  more  exact  data  would  give  a  less 

*  In  this  case  the  rate  of  evaporation  was  uot  measuredf  but  was  assumed  in 
mputing  A  to  be  the  same  as  for  hydrant  water  at  the  same  time.  The  rate 
IS  probably  greater,  which  would  make  A  still  greater. 
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numbor.  This  calculation  assumes  that  all  the  electricity  is 
discharged  through  lightning  flashes,  whereas  a  very  lai^ 
portion  of  the  atmospheric  electricity  is  discharged  in  other 
ways,  e.  g.  in  the  aurora  borealis  and  other  atn[?ospheric  phe- 
nomena which  are  referred  to  electricity  and  in  quiet  dis- 
charges which  take  place  without  any  noticeable  accompany- 
in*?  phenomena. 

Evaporation  is  then  at  most  a  ver}''  insignificant  source  of 
the  atmospheric  electricity. 

But  further,  the  following  facts  are  to  be  observed : 

1.  The  deflections  obtained  in  the  experiments  were  always 
very  small.  (In  the  original  readings  it  was  easy  to  make  an 
error  of  01  a  division,  and  though  the  numbers  in  the  tables 
are  the  means  of  several  observations,  they  are  still  affected  by 
this  error  of  reading.) 

2.  The  sign  of  the  apparent  charge  is  not  always  the  same 
for  the  same  liquid.  This  is  particularly  noticeable  in  the 
important  case  of  water. 

8.  The  deflections  were  very  much  diminished  when  care 
was  taken  to  eliminate  very  small  sources  of  electricity.  Still 
the  deflections,  obtained  with  the  evaporating  dish  dry,  are 
usually  much  larger  than  the  difference  between  these  and  the 
deflections,  obtained  when  a  liquid  was  evaporating. 

Evidently  then  most  of  the  electrification  was  due  toother 
causes  than  evaporation,  and  the  experiments  do  not  certainly 
trace  any  electricity  whatever  to  this  source. 

The  problem  of  the  source  of  the  electricity  of  the  atmos- 
Inhere  is  still  unsolved.  Evaporation,  first  proposed  by  Volta, 
whose  theory  until  now  has  been  better  supported  by  experi- 
ment than  any  other,  fails  to  account  even  for  a  small  portion 
of  it;  and  no  other  source  has  been  proposed,  which  can  as  yet 
be  considered  sufficient 


Art.   LI. — Ohsti-vations   on    Snow   and  Ice  under  pressure  oi 
Temjteratures  below  82°  F. ;  by  Edward  Hungerford. 

The  following  experiments  on  the  behavior  of  snow  and  ice 
under  i)ressure,  were  conducted  during  the  successive  winters 
irorn  1869  to  1871.  They  have  never  been  given  in  detail  in 
the  i)ublic.  At  the  meeting  of  the  American  AssociatioD  for 
the  Advancement  of  Science,  held  in  Burlington,  August,  1861, 
I  gave  a  resume  of  the  observations  made  in  the  previous  winter 
or  spring,  under  the  title  of  ''A  Preliminary  Notice  of  Experi- 
ments on  Snow  at  Temperatures  below  32°  F."  Of  this  paper 
ii  short  abstract  appears  on  page  89  of  the  proceedings  of  the 
Association  for  that  year.     I  also  gave  at  the  Chicago  meeting, 
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of  the  following  year,  some  account  of  the  work  done  in  the 
winter  preceding.     On  neither  of  these  occasions  were  details 
of  observations  given  to  the  press.     The  work  was  incomplete, 
and  as  even  at  my  home  in  Vermont,  the  periods  of  exti'eme 
cold,  lasting  for  two  or  three  days,  in  which  the  most  favorabler 
opportunities  are  given  for  conducting  such  experiments,  do 
not  occur  many  times  in  any  one  winter,  my  work  ran  along 
until  the  spring  of  1871.     My  note-books  snow  an  accumula- 
tion of  numerous  trials  of  the  effect  of  pressure  upon  snow  and 
ice,  only  a  portion  of  which  will  be  included  in  this  article. 

After  the  observations  were  made,  a  change  of  residence  for 
a  number  of  years,  took  me  away  from  Vermont  to  a  region 
less  favorable  for  such  observations.  Other  occupations  have 
also  prevented  me  from  putting  the  results  into  presentable 
shape.  In  the  meantime,  however,  these  results  have  not,  so 
far  as  I  know,  been  anticipated,  and  though  they  are  not  by 
any  means  as  satisfactory  as  I  could  wish,  the  publication  of 
them  may  at  least  save  anyone  else  the  necessity  of  going  over 
the  same  ground.  I  give  first  in  order  a  series  of  experiments 
with  prisms  of  ice,  transversely  fractured,  and  welded  again 
under  a  relatively  light  pressure,  at  various  temperatures  rang- 
ing from  26°  F.,  down  to  9°  F.,  and  a  series  of  experiments  on 
'     snow  under  pressure  in  an  iron  press. 

A  few  words  as  to  the  object  sought  in  this  investigation. 
In  the  first  place  I  wished  to  ascertain  whether  fractured  masses 
of  ice,  when  brought  together  at  temperatures  considerably 
lower  than  the  ordinary  freezing  point  of  water,  will  be  firmly 
;  reunited  under  a  moderate  or  even  a  heavy  pressure.  Also, 
whether  cold  and  dry  snow  will  under  like  circumstances  of 
pressure  become  converted  into  solid  ice. 

Thirdly,  I  have  considered  it  desirable  to  note  whether  the 
time  element  intervenes  as  a  factor,  whether  reunion  and 
glaciation  at  low  temperatures  take  place  instantaneously,  or 
whether  the  process  requires  time  for  its  completion.  - 

And  in  the  fourth  place,  it  is  a  matter  of  interest  and  per- 
haps of  practical  bearing  on  theories  of  glacier  motion,  to  know 
whether,  in  case  such  union  of  ice  masses  and  snow  granules 
actually  does  take  place  at  low  temperatures,  we  are  to  attrib- 
ute the  mending  of  the  ice  joint  and  the  glaciation  of  the  snow 
to  regelation.  on  the  theory  advanced  originally  by  Faraday,* 
or  whether  the  union  is  a  simple  result  of  the  plasticity  of  the 
ice  retained  at  low  temperatures.     The  supposition  of  regela- 
tion necessarily  involves  the  development  of  moisture  along  the 
ice  joint  and  among  the  snow  granules.     In  the  absence  of 
sach  moisture  the  result  is  to  be  ascribed  simply  to  the  molec- 

^The  observation  was   Faraday's,  the  term  regelation  was  applied  to  the 
obflerved  facts  by  Professor  Tyndall. 
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ular  plasticity  of  ice,  whether  in  the  mass  or  in  the  fonn  of 
minute  snow  crystals.     The  mention  of  these  points,  around 
which  the  interest  of  the  investigation  gathers,  will  enable  the 
reader  to  follow  the  details  more  intelligently. 
•     My  method  of  conducting  the  trials  with  prisms  of  ice  is  as 
follows:     The  prisms  are  obtained  by  sawing  a  block  of  lake 
ice  into  slabs  an  inch  or  two  thick,  and  again  sawing  the  slabs 
into  prisms  ihree  or  four  inches  long.     The  prisms  are  then 
transversely  broken.     A  couple  of  small,  wooden  clamps,  such 
as  carpenters  use,  each  with  two  light  wooden  screws  are  pro- 
vided, and   the  two  inner  faces  of  each  clamp  are  lined  with 
emery  cloth,  to  keep  the  ends  of  the  prisms  from  slipping  when 
the  pressure  is  brought  to  bear  upon  them.     In  such  a  clamp, 
which  should  be  lignt  (made  with,  perhaps,  half  inch  wocxlen 
screws,  and  the  opposing  pieces  not  more  than  a  foot  long,  bj 
a  half  inch  thick  and   three  inches  wide),  two  prisms  can  be 
treated  at  the  same  time.     The  fractured  faces  of  the  prism  are 
brought  together,  and  when  they  have  been  carefully  adjusied, 
the  clamp  may  be  laid  over  the  ends  of  the  two  prisms  which 
lie  parallel  and   near  to  e^^ch  other  on  the  table.     The  screws 
are.then  gently  tightened.     To  avoid   heat  and  moisture  the 
handling  should  be  done,  if  they  are  handled  at  all,  with  a  cold 
cloth  ;  or  they  may  be  pushed  about  with  a  chilled  knife  blade 
to  get  them  into  position.     All  my  work  was  done  in  a  cold 
shed,  which  was  kept  open  to  the  weather.     It  will  be  noticed 
that  in  these  trials,  both  with  prims  and  with  snow,  the  temper- 
atures were  carefully   noted,  at  frequent  intervals,  during  the 
progress  of  the  trial.     These  are  the  natural  temperatures  of 
the  room  where  the  work  was  done,  and  so  of  all  the  apparatus 
concerned  in  the  experiments. 

With  ihese  explanations  I  submit  several  illustrations  of  the 
behavior  of  ice  prisms  under  a  light  pressure.  These  are  in  the 
form  of  abstracts  made  directly  from  my  note-books,  with  only 
such  corrections  and  explanations  as  seem  necessary  to  a  fail 
understanding  of  each  trial., 

January  27lh,  1869.— Temperature  ranged  from  12"  F.  10  22"  F.  during  the  fol- 
lowing  trials,  which  began  on  the  2()th.  Prinms  of  ice  an  inch  thick  by  two 
inches  were  broken,  and  after  mat<*!iing  them  on  the  lines  of  fracture,  wm 
placed  in  clamp.s  and  subjected  to  a  moderate  pressure,  the  screws  being  tight- 
ened several  times  during  the  experiment.  One  prism  was  parted  on  the  evening 
of  the  26t!i  and  showed  evident  signs  of  reuniting. 

The  one  that  was  permitted  to  remain  in  the  clamps  over  night,  therefore, 
some  twenty-four  hours,  was  so  firmly  reunited  that  in  endeavonug  to  part  it  I 
thought  the  ice  would  break  elsewhere.  It  finally  yielded  on  the  old  joint  to  a 
force  little  less  than  sufficient  to  break  the  ice  in  any  direction.  There  had  evi- 
dently been  a  firm  reunion,  not  a  mere  sticking  together  but  a  knitting  of  the 
Joint.  • 

February  3d,  1869.— TcmpiTatures  for  Feb.  2d  to  Feb.  :Jd.  Feb.  2d.  10  a.m. 
7'  F.,  5  30  p.  M.  13**  F.,  9  P.  M.  W  F.,  9  A.  M.  of  Feb.  3d,  20**  F.  Highest  temp., 
20'  F.     The  day  of  the  2d  of  February  was  bright  but  cold. 
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The  prism  of  ice  remained  in  the  clamps  with  only  moderate  pressure  for 
nearly  twenty-four  hours.  The  joint  was  firmly  knit  at  the  end  of  that  time, 
separating  with  a  snap  under  a  strain,  showing  clear  signs  of  actual  welding. 
Proof  that  the  union  is  not  due  to  atmospheric  pressure  is  furnished  by  the  great 
ease  with  which  the  joint  is  separated  when  the  pressure  has  been  applied  only  a 
few  minutes. 

Febbuart  8th,  1869.— Temperatures,  9  a.  m.  2**  F.,  1  p.  m.  19"  F.,  2.15  p.  Ji. 
20**  F.,  4  p.  M.  22*  F.,  6.30  P.  Ji.  20"  F.,  9.15  A.  M.,  of  Feb.  9th,  21°  F.,  10.30  a.  M. 
24"  F.  Highest  temp.,  24''  F.  A  fine  block  of  ice  two  inches  square  was 
■lecured  in  clamps  at  9  a.  m.  of  the  8th.  Closed  expenment  at  10.30  a.  m.  of  the 
9th.     The  block  separated  on  the  joint  «with  difficulty  under  a  smart  blow. 

Feb.  21st,  1870.— Temperatures,  1.30  p.  m.  21°  F.,  7.30  P.  M.  12°  F.,  7  a.  m.,  of 
Feb.  22d,  6°  F.,  2  p.  M.  13  F.,  3  p.  m.  16°  F.  Highest  temperature  21°  F.  Set 
three  blocks  in  clamps  and  one  without  clamps. 

No.  1  which  had  stood  without  clamps  was  parted  with  a  light  snap  and 
readily. 

No.  2,  twenty-four  hours  in  clamps,  was  crushed  by  the  pincers  in  applying 
transverse  strain,  and  yielded  near  to,  buc  not  on,  the  old  line  of  fracture.  It 
was  shivered  into  fragments  but  the  two  faces  were  left  firmly  adhering. 

Nos.  3  and  4  parted  readily  after  lying  in  clamps  twenty-four  hours.  This  my 
notes  conjecture  to  have  been  due  to  imperfect  adjustment  of  their  faces  in  plac- 
ing them  in  the  clamps. 

Januabt  4th,  1871.— Temperatures,  8.15  a.  m.  2"  F.,  12  M.  9°  F.,  1  p.  m.  9°  F., 

5  P.  M.  1 1°  F.,  10  p.  M.  8°  F.,  6  A.  M.,  Jan.  5th,  15°  F.,  12.30  p.  M.  26®  F.  Highest 
temp.,  26°  F.  At  4  p.  if.  of  the  4th  placed  in  clamps  a  prism  of  ice  near  an 
io<di  and  a  half  square  and  four  inches  long.  Got  a  very  perfect  joint.  Oou- 
tinued  it  under  pressure  till  noon  of  the  5th.  The  union  was  quite  perfect. 
Seized  the  ends  of  prism  with  cloth  and  could  not  break  the  joint  over  the  edge 
of  the  bench  by  force.  Then  clamped  it  in  two  clamps  and  wrenched  it  apart. 
It  parted  only  with  violence,  the  separation  taking  place  in  a  new  line  parallel  to 
the  old  line  of  fracture. 

The  following  trial  is  selected  on  account  of  the  low  range  of  temperatures. 

Januart  7th,  1871.— Temperatures.  11  a.  m.  12°  F.,  12  a.  m.  12°  F.,  2  P.  M. 
12'  F.,  6  p.  M.  9°  F,  10  p.  M.  3°  F.  Highest  temp.,  12°  F.  Three  ice  prisms 
were  tested  in  the  clamps  from  11  a.  m.  and  12  noon  until  10  p.  M. 

Two  of  them  parted  with  moderate  force.  The  third  required  much  more 
force,  about  the  same  as  would  be  required  to  break  a  pnsm  of  the  same  size. 
After  separation,  the  surfaces  of  the  old  joint  presented  the  torn,  ragged  appear- 
ance indicative  of  violent  tearing  apart. 

The  note  here  observes  that  the  success  of  the  experiment  depends  on  getting 
the  joint  of  the  broken  prism  properly  readjusted,  so  as  to  make  the  applied  pres- 
sore  bear  evenly  on  all  points  of  the  joint.  Failure  to  do  this  accounts  for  the 
imperfect  adherence  of  some  specimens. 

Jakuart  18th,  1871. — Temperatures.  This  day  before  noon  temperature 
ranged  from  16°  F.  to  18°  F.,  1  p.  m.  16°  F.,  4  P.  M.  15°  F.,  10  p.  m.  6°  F.  Jan. 
19th,  7.30  A.  M.  0°  F.,  12  noon  14°  F.,  4  F.  M.  22°  F.  Highest  temp.,  22°  F.  At 
about  11  A.  M.  of  18th  put  two  prisms  in  clamps  and  continued  one  of  them 
nntil  4  p.  m.  of  the  19ih.  One  of  these  much  less  than  a  square  inch  in  cross 
lection,  was  well  united  so  as  to  lift  sixteen  pounds  weight.  The  prism  was 
^somewhat  crushed  by  pressure  and  gave  way  elsewhere  than  on  the  original  line 
of  fracture  under  a  heavier  weight.  I  finally  wrenched  the  old  joint  apart,  it 
-giving  way  partly  in  a  new  direction. 

January  10th,  1871.  — Temperatures,  Jan.  9th,  10.15  a.  m.  —4°  F.,  12.15  p.  M. 
-2°  F.,  1.15  P.M.  -2°  F.,  2.15  p.  M.  0°  F.,  4  P.  M.  0°  F.,  10p.m.  -4°F.    Jan.  10th, 

6  A.  M.  -7°  F.,  12  noon  8°  F..  2.30  p.  m.  9"  F.,  4.30  p.  m.  8  F.,  9.30  p.  M.  3°  F. 
Highest  temp..  9°  F.  On  the  9th  between  11  and  12  in  the  morning  put  a  prism 
of  ice  in  clamps  and  kept  it  there  till  4.30  of  the  10th.  It  was  so  firmly  reunited 
that  it  did  not  part  when  subjected  to  a  strain  of  thirty  pounds.  An  addition  of 
five  lbs.  more  parted  it.  The  test  was  made  by  securing  one  end  of  the  prism 
and  lifting  a  weight  attached  to  the  other  end.  The  area  of  the  cross  section  of 
the  prism  was  Ichs  than  a  square  inch  by  actual  measurement. 
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A  glance  at  this  series  of  experiments  with  prisms  shows 
that  fragments  of  ice  may  be  firmly  re-unitea  at  all  tem- 
peratures down  to  9°  F.  which  is  the  lowest  maximum  to  which 
the  ice  was  exposed  in  any  trial.  As  to  the  main  fact  of  the 
welding  of  ice  at  such  temperatures,  the  evidence  is  conclusive. 
In  order  to  avoid  all  suspicion  that  atmospheric  pressure  may 
have  held  nicely  joined  fragments  in  place,  with  sufficient  force 
to  account  for  the  result,  attention  is  called  to  the  fact  men- 
tioned in  the  note  of  Feb.  3,  **  ih'e  great  ease  with  which  the 
joint  is  separated  when  the  pressure  has  been  applied  only  a 
few  minutes."  But,  not  content  with  this,  ihe  note  of  January 
10,  1871,  institutes  a  test  by  weight  and  measure.  In  this  in- 
stance the  highest  range  of  temperature  is  9^  F.  The  prism 
is  kept  under  the  usual  pressure  during  twenty-nine  hours, 
and  a  firm  union  secured.  The  area  of  cross  section  meas- 
ures less  than  a  square  inch,  and  the  force  necessary  to 
Kull  the  fragments  apart  exceeds  thirty  pounds.  In  my  note- 
ook  comments  on  this  trial,  I  find  the  conviction  expressed 
that  by  long  continued  pressure  the  joint  might  be  completely 
obliterated.  And  I  remember  that  this  remark  was  occasioDed 
by  the  close  knitting  of  the  joint,  and  the  growing  indistinct- 
ness of  the  line  of  fracture  in  certain  cases,  underpressure. 

t  scarcely  need  call  especial  attention  to  the  violence  required 
in  some  ciises  to  part  the  reunited  fragments  or  to  the  fact  that 
the  second  break  sometimes  occurs  along  a  new  line  of  fracture 
as  in  the  note  of  January  4th.  In  regard  to  the  influence  of 
time  as  a  factor  in  the  reunion  of  the  broken  prisms,  my  impres- 
sions are  strongly  in  favor  of  the  value  of  time  to  the  result. 
I  have  never  known  a  prism  which  had  only  been  exposed  to 
pressure  for  a  few  minutes  to  show  strong  adherence.  It  is 
true  that  many  prisms  after  being  in  the  clamps  a  long  while, 
fail  to  unite,  owing  to  improper  contact  or  uneven  pressure,  us 
is  remarked  in  the  above  notes;  but  imperfect  contact  and  un- 
even pressure  could  hardly  be  the  cause  of  this  so  uniform 
parting  of  prisms  which  had  been  in  contact  only  a  short  time 
— freshly  joined  faces  come  apart  readily  with  a  light  snap. 
The  trial  recorded  under  date  of  January  27th,  1869.  gives  us 
a  prism,  subjected  to  pressure  for  a  few  hours,  which  shows 
**  evident  signs  of  reunitirjg,"  while  one  which  has  been  kept  in 
the  clamps  '*some  twenty-four  hours  was  so  firmly  reunited 
that  in  endeavoring  to  part  it  I  thought  the  ice  would  break  else- 
where." So  far  as  the  evidence  goes  therefore,  the  element  of 
time  is  an  important  one  in  the  process;  and  this  conviction 
has  grown  upon  me  during  the  years  in  which  I  have  experi- 
mented upon  both  snow  and  ice. 

As  to  the  fourth  point  noted  as  being  among  the  objects 
kept  in  view  during  these  studies,    it  is  difficult  to  conceive 
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3W  any  moisture  can  intervene  to  assist  in  restoring  the  con- 
naity  of  the  faces  of  broken  prisms.  In  discussing  the  efifects 
\  heavy  pressure  upon  snow,  this  subject  will  come  up  again. 
ut  in  the  prisms,  exposed  to  temperatures  such  as  some  of 
lese  were  exposed  to,  and  having  all  their  sides  free  to  the 
r,  while  pressure  was  applied  at  the  opposite  ends,  it  is  diffl- 
ilt  to  conceive  of  any  development  of  moisture  to  effect  the 
aalt.  It  is  very  true  that  Mr.  Tyndall,  whose  beautiful  ex- 
3riments  upon  ice  have  attracted  the  admiration  of  all  readers, 
and  lines  of  moisture  developed  transversely  to  the  direction 

Jressure  in  masses  of  ice.  But  these  observations  were 
e  upon  ice  at  8^°  or  near  that  point.  Here  we  have 
mperatures  of  all  grades  from  26°  F.  down  to  9°  F.  The 
ihibitions  of  those  inner  lines  or  surfaces  of  moisture  at  a 
imperature  close  upon  32*^,  it  is  scarcely  necessary  to  say,  was 
ue  to  the  liquefaction  of  ice  under  pressure,  according  to 
le  law  given  by  the  brothers  Thomson.  Inasmuch  as  water 
cpands  in  freezing,  it  was  observed  that  by  preventing  the 
cpansion  of  water  through  pressure,  that  fluid  could  be  re- 
aced  several  degrees  in  temperature  and  still  be  kept  in  the 
aid  state.  The  brothers  Thomson  have  given  us  the  numer- 
al expression  of  this  fact  in  the  rule  evolved  from  experi- 
ent,  that  for  every  pressure  of  one  atmosphere  bearing  on 
le  fluid,  its  temperature  may  be  reduced  -0076  of  a  degree  of 
entigrade  without  congelation.  And  conversely  for  every 
;inosphere  of  pressure  brought  to  bear  upon  a  mass  of  ice  the 
^mperature  at  which  moisture  can  be  developed  in  the  ice  will 
8  lowered  by  '0075  of  a  degree  Centigrade.  This  is  owing  to 
le  diminished  volume  of  the  ice  under  the  pressura  But  the 
^plication  of  this  law  to  the  case  before  us  is  out  of  the  ques- 
on.  It  would  require  by  this  rule  a  pi'essure  of  over  1950 
^ands  to  the  square  inch  to  liquefy  ice  having  a  temperature 
I  S0"2°  F.,  and  for  the  highest  maximum  temperature  to  which 
le  prisms  were  exposed  (26°  F.)  it  would  require  a  pressure  of 
^er  6456  pounds  to  the  square  inch.  With  the  light  clamps 
sed  no  more  than  a  few  atmospheres  of  pressure  were  pro- 
uced.  I  am  thus  explicit  in  the  application  of  the  principle 
rought  out  in  the  rule  "of  the  brothers  Thomson,  because  the 
tme  considerations  return  in  future  experiments  with  snow 
nder  pressure. 

The  observations  on  the  behavior  of  snow  at  comparatively 
m  temperatures  have  been  much  more  difficult  than  those 
pon  ice  prisms.     Heavier  pressures  have  come  into  play,  and 

is  only  by  special  contrivances  that  the  conversion  of  snow 
ito  ice  can  be  watched.  My  earlier  trials,  those  to  which 
losion  was  made  at  Burlington  and  Chicago,  were  conducted 
ith  wooden  moulds,  into  which  the  snow  was  packed,  and  the 
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pressure  was  brought  to  bear  by  means  of  a  square  wooden  plun* 
ger,  driven  by  an  iron  screw,  which  worked  in  a  wooden  frame. 
For  these  contrivances,  which  were,  in  many  respects,  verv- 
useful  for  earlier  observations,  I  afterwards  substituted  a  much 
more  convenient  iron  press.  The  details  of  this  press,  it  is 
hardly  necessary  to  describe.  The  snow  was  packed  in  a 
cast  iron  cylindrical  mould,  having  a  smooth  circular  bore  in 
the  center  one  inch  in  diameter.  The  bore  is  three  and  one- 
half  inches  deep  and  of  smooth  finish,  to  lessen  the  friction  of 
the  snow.  Into  this  bore  works  a  plunger,  also  of  iron,  nicely 
fitted.  The  upper  end  of  the  plunger  is  attached  to  an  iron 
head,  grooved  on  its  sides,  so  as  to  work  along  the  vertical  iron 
rods  which  are  the  uprights  of  the  press.  Into  the  upper  side 
of  this  head  the  lower  end  of  the  iron  screw  projects  ana  works 
in  brass  fittings — while  the  screw  itself  runs  through  an  upper 
iron  cross  bar.  By  this  means  the  plunger  with  its  head  can 
be  carried  down  into  the  mould  smoothly,  by  a  slow  motion  of 
the  screw.  To  the  head  of  the  screw  a  wheel  was  attached  to 
which  the  power  was  applied  by  means  of  a  cord  passing  over 
a  pulley.  To  the  cord  weights  were  hung  and  their  amoanis 
noted.  By  this  means  a  reasonably  continuous  and  regulated 
pressure  could  be  brought  to  bear  upon  the  snow  in  the  moulds. 
These  moulds  were  split  vertically  through  the  middle,  and  were 
held  together  b}^  a  stout  iron  ring,  which  could  be  struck  off 
with  a  blow  of  a  hammer.  When  opened,  the  moulds  exposed 
a  vertical  section  of  the  little  cylinder  of  ice  resulting  from  the 
pressure.  The  slight  diftierential  motion  of  the  pressed  mass, 
on  each  side  of  the  plane  along  which  the  mould  was  split,  left 
a  corresponding  plane  of  easy  cleavage  in  the  resultant  mass. 
Aside  from  the  convenience  of  this  whole  arrangement,  it  gave 
me  the  advantage,  that  the  conducting  power  of  the  iron,  as 
exposed  to  low  temperature,  would  help  to  prevent  the  accu- 
mulation of  heat  from  the  gradually  increased  pressure  and 
slow  downward  motion  of  the  plunger.  The  snow  in  the  inte- 
rior of  the  mould  would  thus  be  kept  very  close  to  the  tempe- 
rature of  the  external  air. 

I  am  under  great  obligations  to  my  friend,  Mr.  Robert  W. 
Willson,  Assistant  Astronomer  in  the  Observatory  in  New  Ha- 
ven, who  has  very  kindly  assisted  me  to  obtain  the  working 
power  of  this  little  snow  press  by  actual  trials.  We  have  tested 
the  force  exerted  at  the  lower  face  of  the  plunger  for  every  five 
pounds  of  power  up  to  fifty  applied  at  the  wheel.  The  obser- 
vations, made  and  repeated  by  us  interchangeably,  to  correct  tbe 
personal  error,  have  resulted  in  a  very  even  rate,  so  that  we 
have  the  pressure  for  every  five  pounds  of  power,  and  are  en- 
abled to  extend  the  rate  up  to  a  power  of  sixty  pounds  at  tbe 
wheel,  which  is  the  highest  used.     I  can  therefore  insert  in  all 
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of  the  following  trials  with  the  iron  press,  excepting  the  first  in 
which  the  screw  was  turned  by  hand,  the  actual  pressure  per 
square  inch  used.  The  natural  temperatures  of  the  room  or 
shed  in  which  the  work  was  done  are  also  carefully  recorded, 
along  with  each  trial,  for  every  few  hours  of  the  day  or  days 
through  which  the  trial  lasted.  With  these  explanations  I  give 
the  following: 

Mrperiments  on  Snoto  with  the  Iron  Press, 

Decembbh  29th,  1870.— Temperatures,  9  a.  m.  0"  R,  1  p  m.  3**  P..  4  p.  m.  3*  P.,  1 
p.  M.  2*"  F.,  highest  temperature  3*^  F.  At  9  o'clock  a.  m.  packed  the  mould  with  snow 
and  applied  pressure  very  gradually  until  noon,  making  a  quarter  turn  only  of  the 
screw  at  a  time,  so  as  to  avoid  evolving  heat  in  the  snow  by  sudden  pressure.  At 
DOOD  tlie  force  necessary  to  turn  the  screw  through  the  quarter  had  become  oon- 
uderable,  though  by  no  means  violent.  The  screw  was  turned  slowly  through 
:he  quarter.  Thus  three  hours  were  consumed  in  bringing  the  strong  pressure 
o  bear. 

Discontinued  the  experiment  at  7  p.  m.  The  snow  was  converted  throughout 
nto  perfect  ice,  white,  clouded  here  with  darker  and  there  with  lighter  lines — trans- 
acent.  This  experiment  is  a  perfect  success.  Everything  has  been  manipulated 
rith  the  utmost  care. 

jAiruART  4th,  1871.— Temperatures,  8.15  a.  m.  2**  F.,  12  noon  9^  F.,  1  p.  h.  9* 
?.,  6  p.  M.  11*  F.,  10  p.  M.  8"  P.,  6  A.  M.,  January  5th,  15"  F.,  12.30  P.  m.  26"  F. 

Commenced  experiment  at  9  a.  m.  and  discontinued  at  6  a.  m.  of  January  5th, 
rhe  highest  temperature  therefore  to  which  the  experiment  was  exposed  would  be 
15*  F.  Result  most  perfect  ice.  At  9  a.  m.  subjected  snow  to  presstire  in  new 
ron  machine.  Applied  only  very  slight  pressure  gradually  for  some  time  by  hand 
ind  then  attached  the  wheel  and  weights,  beginning  with  16  lbs.  (if  we  assume  that 
[  had  brought  the  power  up  to  1 0  lbs.  by  hand  this  would  be  an  additional  power  of 
>  lbs. =346  lb&  additional  pressure)  and  increasing  the  weight  gradually  to  power 
>0  lbs. =4122  lbs.  pressure  per  square  inch.  The  pressure  was  thus  kept  nearly 
X)Dtinuou8,  the  snow  yielding  very  slowly  to  each  aiddition  of  weight  On  adding 
the  last  15  lb8.= 1054  lbs.  additional  pressure* — the  machine  was  left  standing 
through  the  night,  but  the  wheel  was  turned  through  only  about  a  quarter  circle 
during  the  whole  night.  Tliis  1  think  is  the  most  perfect  ice  1  have  formed  as  yet, 
at  low  temperatures  and  imder  slowly  applied  pressure.  It  was  perfect  gray  ice 
uniform  throughout,  not  clouded. 

Jantjart  9th,  1871.— Temperatures,  10.15  a.  m.  —4*  P.,  12.15  —2*  P.,  1.15  p.  m. 
-  2*  P.,  2.15  P.  M.  0**  P.,  4  P. M.  0**  P.,  10  p.  M.  —4''  F.  January  10th,  6  a.  m.  —7''  P., 
9.30  A.  IL  0**  F.,  highest  temperature  0"  P.  Commenced  pressure  at  10.15  a.  m.,  after 
having  allowed  the  mould  packed  with  snow  to  stand  for  some  time.  No  pressure 
applied  after  packing,  except  by  means  of  wheel  and  weights  over  pulley.  Com- 
menced with  weight  of  three  pounds  =  about  375  lbs.  pressure,  and  then  added 
two  pounds,  etc.  Discontinued  at  9.30  a.  m.  of  the  10th,  the  thermometer  marking 
0*".  Highest  weight  used  60  lbs.  =  41 22  lbs.  pressure  per  square  inch.  Result 
peH^cty  mass  changed  to  ice  throughout  of  remarkably  clear  and  every  way  fine 
quality.  The  weight  was  increased  very  gradually,  only  a  few  last  additions 
being  made  in  quantities  of  6  or  8  lbs. =400  to  550  lbs.  pressure.  At  this  point 
the  motion  became  very  slow.  The  press  was  left  over  night  with  a  weight  of  60 
lb&=4122  lbs.  pressure  per  square  inch,  and  the  screw  did  not  probably  make 
more  than  a  quarter  turn  during  the  night  and  up  to  the  lime  of  closing  the  trial. 
The  enow  used  was  slightly  granular. 

January  18th,  1871. — Aemometer  up  to  12  noon  has  ranged  from  16*  to  18'  F., 
It  1  p.  M.  W  P.,  4  p.  M.  15"  P.,  10  p.  M.  6°  F.  January  19th,  7.30  A.  m.  0"  P., 
12  noon  14"*  P.,  4  p.  M.  22**  F.  Highest  temperature  to  which  snow  was  exposed 
Nrhile  under  pressure  was  1 8**  P.    The  mould  was  packed  with  snow  last  night  (the 

*  The  resulting  pressure  for  each  additional  pound  of  power  diminishes  as  we 
fo  iBto  the  higher  numbers,  owing  to  increased  friction. 
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1*7  th)  the  thermometer  standing  at  16*"  F.*  This  morning  began  with  1  lb.  and 
continued  to  increase  the  weight  up  to  25  lbs.  total=1693  lbs.  pressure.  Discon- 
tinued at  11*30  o'clock  the  19th.  Transformation  into  ice  incomplete.  The  man 
melted  partly  as  ice  but  the  lower  portion  of  the  cast  from  the  mould  melted  roon 
like  snow.    Notice  that  less  than  half  the  previous  weight  had  been  used. 

Here  are  four  trials  with  the  iron  press,  all  purposely  varied, 
and  all  but  the  last  resulting  in  perfectly  formed  ice- the  ice 
character  in  the  last  instjince  being  developed  in  the  upper  por- 
tion of  the  mass,  while  the  lower  portion  melted  more  like 
snow.  This  test  of  perfect  and  imperfect  glaciation  is  worthy 
of  notice.  In  no  way  is  the  true  ice  character  better  exhibiteJl 
than  by  exposing  the  mass  to  a  slow  melting  temperature.  If 
the  union  of  the  snow  crystals  is  complete,  the  mass  melts  only 
at  the  surface,  like  lake  ice,  whereas  if  the  conversion  into  ice 
is  imperfect  the  mass,  as  the  melting  goes  on,  begins,  after  a 
time,  to  disintegrate  and  betray  a  granular  structure.  Other 
tests  such  as  whiteness  and  opacity  or  their  opposites  are  less 
reliable.  For,  though  the  mass  usually  clears  up  under  pro- 
longed pressure,  the  glaciation  may  be  far  advanced  in  a  mass 
which  retains  much  of  the  whiteness  of  snow.  Nevertheless 
the  usual  result  is  a  tolerably  clear  ice  of  a  grayish  appearance 
owing  to  the  retention  of  air  bubbles.  It  so  happens  that  the 
maximum  temperature,  to  which  the  snow  under  pressure  was 
exposed,  is  lowest  in  the  three  cases  where  the  resultant  ice 
was  most  perfect.  For  these  three  the  highest  temperatures 
are  severally  3°  F.,  15^  F.,  0°  F.,  and  for  the  last  trial  18°  F. 
On  the  other  hand  in  the  second  and  third  of  the  series,  the 
highest  p'-essure  exerted  is  equal  to  4122  Iba  to  the  square 
inch  as  against  1693  lbs.  to  the  square  inch  in  the  fourth  trial. 
In  the  first  of  the  series  the  power  was  applied  by  hand  and 
can  not  be  certainly  given,  though,  as  the  final  power  applied  is 
described  as  ^^considerable,  though  by  no  means  violent,"  it  was 
doubtless  much  less  than  60  lbs.  power.  It  would  probably  be 
safe  to  take  it  as  equal  to  45  lbs.  which  would  give  an  eflective 
pressure  of  3068  lbs.  to  the  square  inch. 

In  the  first  trial  I  ask  the  reader  further  to  notice  the  man- 
ner in  which  the  pressure  was  brought  to  bear.  The  screw, 
which  had  six  threads  to  the  inch,  was  turned  only  through  a 
quarter  circle  at  a  time,  and  each  quarter  was  made  slowly,  so 
that  three  hours  were  consumed  before  the  full  pressure  of 
3068  lbs.  to  the  square  inch  was  brought  to  bear.  As  the 
mould  was  always  packed  full  of  snow,  and  as  the  resultant  ice 
usually  occupiea  one-half  the  depth  of  a  bore  3J  inches  deep, 
this  would  give  a  descent  of  the  screw  through  If  inches  in 
three  hours,  making  10^  revolutions  of  the  screw  in  180  min- 

*  This  was  done  in  order  to  let  the  whole  stand  over  night  without  pressure  ud 
allow  the  temperature  of  the  snow  and  press  to  become  equalized. 
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,  or,  on  an  average,  a  revolution  in  18  minutes.  But  as 
e  was,  doubtless,  a  pause  of  several  minutes  between  each 
•ter  turn,  and  perhaps  occasional  long  pauses,  the  motion 
he  screw  would,  while  in  motion  at  all,  be  faster  than  this, 
igh  in  any  case  very  slow.  It  is  well  to  note  these  features 
be  trial  and  to  remember  that  the  trial  was  made  in  a  cast 

mould  surrounded  by  an  atmospheric  temperature  as  low 
°  F.  Sucii  facts  have  an  important  bearing  on  the  possi- 
y  of  the  development  of  heat  under  pressure  and  conse- 
nt liquefaction  of  the  snow.  In  this  respect  the  trial  under 
J,  Jan.  9th,  1871,  is  also  instructive.  Here  a  like  process  of 
lual  increments  was  gone  through,  and  here  we  have  addi- 
3  of  power  numerically  expressed.  The  weight  was  in- 
sed  very  gradually  (no  hand  power  being  used)  three 
nds  to  start  with  eauals  about  400  lbs.  pressure,  under 
zh  of  course  the  lightly  packed  snow  was  yielding ;  then 

pounds,  etc.,  until,  only  at  the  last,  increments  equal  to 
1  400  to  560  lbs.  efi'ective  pressure  were  used. 
1  the  fourth  trial,  beginning  was  made  with  only  one  lb. 
er,  and  increase  made  up  to  25  lbs.  power, 
he  times  also  vary  in  the  four  trials,  and  this  fact  has  its 
le,  though  upon  that  point  other  and  earlier  experiments 
le  with  wooden  moulds  are  more  valuable.  For  oonven- 
e  the  conditions  and  results  of  these  four  trials  may  be 
iped  together  as  follows : 


Date 

HIghU 

Duration 

Temp. 

of  £zp. 

Dec. 

i 

), '70 

3°  P. 

10  hours  1 

fan. 

.'71 

16°  F. 

21  hours 

FaD. 

/71 

O'^F. 

2.^  hours 

fao. 

}, '71 

18*  F. 

24h's  + 

Increments  of  Effective  Pressure. 


Very  small  by  hand,  total  3,068  to  squ. 

inch. 
Small  by  band  at  first,  then  346  lbs.  and 

gradually  to  total  4,122  lbs.  to  squ.  in. 
375  lbs.,  250  lbs.,  400  to  550  lbs.,  total 

to  square  inch,  4,122  lbs. 
150  lbs.  with  additions,  to  total  of  1,693 

lbs.  to  square  inch. 


Resulting 
Condition. 


Perfect  ice. 
Most  perfect 

ice. 
Remarkably 

clear  ice. 
Upper  part  of 
mass  true  ice. 


rom  this  table  and  the  preceding  explanations,  the  follow- 

conclusions  are  reached : 

.)  Snow   may  be  converted   into  ice  under  pressure  at  a 

perature  as  low  as  0°  F. 

1.)  At  a  temperature  of  3°  F.  no  more  than  10  hours  are 

lired  to  complete  the  process,  under  a  very  slowly  applied 

sure  and  with  gradual  increments,  until  the  total  reaches 

)ably  not  more  than  3,068  lbs.  to  the  square  inch. 

;  is  as  well  here,  as  anywhere  perhaps,  to  notice  a  marked 

iliarity  of  ice  and  snow  under  pressure.     When  a  prism  of 

I  ice  is  placed  in  the  clamps  and  any  given  amount  of  pres- 
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sure  brought  to  bear  upon  it  by  screws,  the  pressure  will  not 
remain  constant.  The  prism  will  very  slowly  yield  to  the  pres- 
sure, by  what  seems  to  be  a  molecular  movement ;  and  if  the 
pressure  is  to  be  kept  up,  it  becomes  necessary  to  tighten  the 
screws  after  a  comoaratively  short  time.  I  regret  that  the 
lateral  expansion,  which  may  be  supposed  to  attend  this  longi- 
tudinal yielding,  was  not  measured.  That  such  a  longitudinal 
yielding  takes  place  is  impressed  upon  my  mind,  as  a  constant 
experience,  ana  I  think  there  can  be  no  mistake  about  it. 
Indeed  I  find  attention  called  to  it  in  my  notes  made  on  the 
spot,  and  it  will  be  remarked,  that  occasional  tightening  of  the 
screws  is  mentioned  in  the  prism  experiment  of  Jan.  27,  1869. 
It  is  my  belief  that  this  molecular  yielding  of  the  ice  takes 
place  at  all  temperatures.  A  parallel  fact  has  certainly  been 
observed,  at  all  temperatures,  when  snow  was  being  converted 
into  ice.  Even  with  the  heaviest  pressures  used  and  after  the 
glaciation  has  been  completed,  the  mass  still  continues  to  yield 
under  the  pressure.  Here  in  a  firmly  bound  iron  mould,  there 
can  be  no  lateral  expansion,  but  the  ice  particles  seem  to 
approach  each  other  and  compact  themselves,  not  to  expand 
again  when  the  pressure  is  removed.  It  is  impossible  to  keep 
the  screw  tight  without  a  weight  movable  over  a  pulley.  If 
the  screw  be  tightened  by  hand  and  left  for  an  hour  or  two,  the 
ice  contracts  under  it  and  leaves  room  so  that  the  next  slight 
turn  of  the  screw  is  comparatively  easy. 

Having  thus  established  the  main  fact  of  the  glaciation  of 
snow  of  low  temperature  under  pressure,  we  come  to  the  discus 
sion  of  the  question  whether,  under  the  circumstances  of  these 
experiments,  we  are  to  suppose  that  glaciation  is  due  to  the 
{)rod notion  of  water,  or  at  least  of  moisture,  under  the  pressure 
applied. 

For  this  purpose  it  will  be  necessary  to  combine  with  the 
observations  above  given,  some  earlier  ones,  made  with  wooden 
moulds,  fitted  with  wooden  plungers.  It  will  be  understood 
that  trials  next  to  be  mentioned  were  of  that  kind.  It  is  not 
necessary  to  discuss  in  this  connection  the  rule  of  the  brothers 
Thomson,  mentioned  above.  The  considerations  advanced  in 
regard  to  the  prisms  apply  equally  to  the  glaciation  of  snow. 
The  temperatures  involved  are  far  out  of  the  way  of  that  law 
of  liquefaction.  I  purpose,  rather,  to  lay  before  the  reader  the 
actual  facts  of  observation,  gathered  from  numerous  efforts  to 
determine  the  question. 

The  question  of  liquefaction  at  low  temperature,  according 
to  the  law  of  the  brothers  Thompson,  being  disposed  of,  another 
question  arises:  whether  in  the  mass  of  snow  under  these  .larger 
pressures  sensible  heat  can  by  any  possibility  be  developed 
sufficient  to  account  for  liquefaction.     In  the  outset  such  a 
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supposition  seems  wholly  unwarranted.  I  have  only  to  refer 
to  the  production  of  ice  in  the  iron  press,  with  its  slow  and 
intermitted  motion,  in  order  to  call  to  mind  the  extreme  im- 
probability of  a  rise  of  temperature  from  near  the  zero  point  to 
the  point  necessary  for  liquefaction  under  the  pressures  used. 
Moreover,  I  have  endeavored  by  actual  trials  to  obtain  the 
extreme  effect  of  such  pressures  as  have  been  used — pressures 
not  so  great  indeed  as  the  highest  of  those  used  with  the  iron 
press — but  great  enough  to  convert  snow  into  ice  at  very  low 
temperatures. 

The  most  reliable  of  these  observations  have  been  made 
upon  not  very  cold  snow  with  pressures  rising  from  580  lbs. 
lo  the  square  inch,  to  a  possible  maximum  of  2,000  lbs.  to  the 
square  inch.  I  shall  hereafter  give  cases  of  the  glaciation  of 
snow  of  low  temperature  under  the  latter  pressure.  The 
method  of  testing  has  been  as  follows :  The  temperature  of  the 
air,  and  the  snow  before  pressure  is  noted,  and  in  some  cases, 
also,  the  temperature  of  the  moulds.  Then  prea«ure  is  rapidly 
applied  to  the  snow  in  the  moulds  by  sudden  impact  of  the 
screw.  A  wire  in  the  bottom  of  the  plunger  leaves  a  fine  bore 
in  the  pressed  snow  for  the  insertion  of  a  thermometer,  and  the 
temperature  of  the  snow  is  noted  immediately  on  withdrawal 
of  the  plunger.  In  some  instances  pains  have  been  taken  to 
aggravate  the  rise  of  temperature  by  sudden  and  violent  im- 
pact; throwing  myself  on  to  the  handles  of  the  screw  with  all 
my  might.  Now  the  highest  elevation  I  have  been  able  to 
obtain  by  this  violent  method  of  applying  a  pressure  of  1,500 
to  2,000  lbs.  to  the  square  inch,  during  only  one  minute,  was 
3J°  F.  The  pressure  exerted  was  my  whole  strength  applied 
to  the  handles  of  the  screw  by  sudden  and  violent  efforts. 
Unfortunately  the  temperature  of  the  moulds  before  pressure 
was  not  observed. 

In  the  very  next  observation  recorded,  I  find  the  same  opera- 
tion gone  through  with,  except  that  the  violent  impulses  were 
repeated,  at  intervals,  during  twenty  minutes.  The  pressure 
was  the  same  as  before,  but  the  elevation  effected  was  only 
li°  F.  Here  also  the  temperature  of  the  moulds  was  not  ob- 
served. I  have  before  me  another  instance  where  the  same 
pressure  was  applied,  onlv  during  two  minutes,  to  a  mould 
tilled  with  bits  of  ice.  The  temperature  of  the  air  and  of  the 
moulds  before  pressure  are  noted  at  27°  F.  The  ice  before 
pressure  measures  25°  F.,  and  after  pressure  27°  F.  The  eleva- 
tion in  this  case  was  doubtless  aiaed  by  that  of  the  moulds, 
and  in  the  case  before  given,  when  the  temperature  after  pres- 
sure rose  to  3f°  F.,  it  is  very  probable  that  the  temperature  of 
the  moulds  was  higher  than  that  of  the  snow ;  wnile  in  the 
second  case,  there  is  reason  to  think  it  was  lower  than  that  of 
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the  snow  before  pressure.     In  this  way  the  3f  °  F.  would  be  too 
nnuch  and   the  li°  F.  would   be  too  little.     From   numerous 
observations,   I  am  well  satisfied   that  the  effect  of  pressure 
quietly  applfed,  would  not  exceed  a  degree,  or  a  degree  and  one- 
half  of   Fahrenheit;  and  where  special  pains  are  taken  to  avoid 
elevation  of  temperature,  its  effect  will  be  so  diminished  that  thej 
may  be  left  out  of  the  account,  in  experiments  conducted  a 
number  of  degrees   below  freezing.     If  it   is   said    that  the 
method  of  taking  the  temperatures  is  crude,  this  must  certainly 
be  admitted.     But  it  is  the  best  that  could  be  devised.     I  have 
indeed  attached  a  thin,  hollow  pointer  of  iron  to  the  plunger, 
in  the  center  of  which  I  carried  a  thermometer  down  into  the 
snow  and  strove  by  this  means,  to  get  at  the  temperature  dur- 
ing pressure.     But  after  numerous  trials,  the  indications  proved 
to  be  so  unreliable  that  I  have  discarded  the  results.     It  may 
be  said,  however,  in  favor  of  the  proximate  accuracy  of  the 
temperatures  quickly  taken  after  the  pressure  is  removed,  that, 
as  the  snow  is  not  elastic,  the  heat  evolved  by  pressure  will  not 
be  absorbed  again  on  its  withdrawal. 

So  far  as  the  observations  went  they  were  entirely  confinna- 
tory  of  the  above  conclusion.  The  thermometric  evidence 
being  against  the  supposition  of  any  development  of  moisture 
by  heat,  I  so  arranged  matters  that  I  could  actually  watch  the 
the  progress  of  glaciation,  while  pressure  was  being  applied. 
Wooden  moulds  were  prepared  with  glass  windows  of  about 
an  inch  in  diameter  in  the  opposite  sides,  lliese  moulds  were 
as  usual  in  halves,  bolted,  so  that  the  resulting  ice  could  be 
exposed.  Through  the  windows,  which  were  of  very  bejivy 
plate  glass,  I  watched  the  progress  of  glaciation  from  beginning 
to  end.  But  the  closest  scrutiny  failed  to  disclose  any  signs  of 
moisture.  Of  any  free  and  abundant  flow  of  water  through  the 
snow  such  as  is  seen  at  a  temperature  of  32°  F.,  it  will  be 
understood  we  are  not  here  discoursing  at  all.  Any  such  thing 
would  have  been  readily  detected  without  nice  contrivances. 
We  are  considering  only  the  production  of  a  proper  moisture, 
which  might  be  forced  through  the  mass  so  as  to  wholly  per- 
meate it.  Of  such  moisture  I  found  no  trace  in  the  lower 
temperature  experiments.  When  the  pressure  had  been  well 
brought  to  bear,  a  change  could  be  seen  coming  over  the  mass, 
as  will  be  detailed  in  a  trial  given  below.  The  snow  in  the 
mould,  as  seen  through  the  glass,  began  to  have  a  glazed 
appearance,  and  soon  seemed  to  be  losing  its  whiteness  and 
opacity.  This  change  went  on  gradually  until  the  whiteness  of 
the  snow  was  nearly  gone.  I  could  discern  upon  the  glass  no 
trace  of  condensation  of  moisture,  no  clouding  as  if  by  a  breath, 
though  the  temperature  of  the  room  was  only  a  few  degrees 
above  zero  of  Fahrenheit. 


under  pressure  at  Temperatures  below  32°  JF*.         447 

Anotber  attempt  was  made  to  detect  the  presence  of  mois- 
ture. I  sprinklea  into  the  snow  little  particles  of  water-paint. 
These  paints  are  quite  sensitive  to  moisture;  so  much  so  that^ 
if  buried  in  lightly  packed  snow  without  pressure,  tit  a  tem- 
perature as  low  as  12°  F.,  they  attract  moisture  and  soften  by 
an  action  similar  to  that  of  common  salt  And  when  barely 
touched  to  really  moist  snow  of  82°  F,,  the  snow  is  promptly 
discolored  with  a  blotch  which  spreads  around  the  point  of 
contact 

Now  it  is  manifest  that  this  paint  furnishes  a  delicate  test  of 
the  presence  of  moisture.  If  at  temperatures  lying  in  the 
region  of  zero  Fahrenheit  moisture  were  being  forced  through 
the  interstices  of  the  snow,  even  in  minute  quantity,  it  would 
necessarily  carry  with  it  some  traces  of  color  from  the  paint 
sprinkled  in  the  mass;  and  this  is  observed  to  be  the  case  with 
snow  under  pressure  near  to  82°,  the  paint  spreading  in  large 
blotches.  At  a  temperature  as  low  as  20°,  the  paint  seems  to 
liquefy  the  snow  to  such  an  extent,  that  if  it  be  introduced 
with  the  snow  into  the  moulds,  it  will  become  quite  moist 
and  will  perhaps  form  a  blotch.  I  infer  that  the  blotching 
at  this  temperature  is  due  to  the  liquefying  action  of  the 
snow,  because  as  will  be  seen  in  the  trials  detailed  below,  no 
sign  of  such  spreading  could  be  detected  at  the  tem[>ei*ature 
under  which  glaciation  was  there  effected.  It  must  be  regarded 
as  certain  therefore,  that  if  moisture  is  developed  at  any  time 
during  the  process,  it  is  not  developed  until  the  snow  has  been 
so  completely  consolidated  as  to  prevent  the  passage  among  its 
particles  of  even  so  minute  a  quantity  of  moisture  as  would 
be  necessary  to  carry  color  along  with  it.  But  snow  so  consol- 
idated would  be  little  if  any  short  of  ice.  I  have  thought  it 
better  tos^ate  the  points  involved  in  the  following  observations 
before  giving  their  details. 

Observations  with  wooden  moulds. 

Experiment  No.  1,  February  7th.— Temperatures.  12  noon  9**  F.,  4.20  p.  m.  3°  F.. 
9.50  P.  M.  —7'  F.,  7.30  A.  M.  February  8th,  --2r  R,  highest  temperature  9*  F. 

The  screw  was  gradually  brought  to  bear  with  considerable  power,  no  pains 
being  taken  to  avoid  accumulating  heat.  In  about  two  hours  a  change  was 
msDifeBt  in  the  snow.  It  began  to  have  a  glazed  appearance  and  soon  seemed  to 
be  losing  its  whiteness  and  opacity.  This  change  went  on  gradually,  until,  at 
about  10  p.  IL,  the  whiteness  of  the  snow,  as  seen  through  the  glass,  was  nearly 
gone.  It  waB  allowed  thus  to  stand  over  night.  At  9.30  a.  m.  the  pressure  was  taken 
off.  The  ice  was  perfect.  The  whole  prism  had  lost  its  opacity  no  far  as  to 
traiusmit  the  light,  the  snowy  whiteness  was  gone  and  the  whiteness  of  ice — a  gray 
ice  had  taken  its  place.  A  layer  of  particles  of  water  paint  was  in  full  view,  on 
the  top  of  the  resuttiog  prism  (the  bore  of  the  wooden  moulds  was  square),  just 
under  the  surface.  There  was  not  a  sign  of  the  color  having  spread.  Their  angles 
were  perfectly  sharp  and  their  lines  perfectly  well  defined.  The  same  was  true 
when  the  prism  was  opened.  The  particles  scattered  through  the  mass  exhibited 
no  sign  of  spreading. 
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Expenment  No.  2.— Snow  used  marked  on  the  ground  5°  F.  Temporaturefi, 
9.45  A.  M.  of  February  10th  3°  F.— during  the  day  near  0"  F.  10  p.  m.  -6*  F., 
9  A.  M.  of  February  nth  —5"  F.,  10  p.  M.  4"  F.,  7.30  a.  m.  of  February  12tb  6'  P„ 
8.30  A.  M.  7"  F.  Duration  of  trial  from  February  10th  945  a.  m.  to  February  I2th 
8.30  a.  m.,  making  47  hours  nearly. 

Used  here  a  pair  of  deep  moulds,  packed  full  of  enow,  which  accounts  for  the 
imperfect  glaciation  of  the  lower  portion.  The  bottom  was  granular  snow.  Theo 
came  vitreous  snow.  These  two  occupied  one-third  the  length  of  the  prism.  Then 
came  ice  of  a  grayish  appearance,  increasing  in  perfection  to  the  well  defined  ice 
of  the  upper  portion.  The  ice  is  whitish  or  turbid  but  well  characterized.  The 
water  paint  in  the  prism  shows  not  a  trace  of  running.  The  angles  are  sharp  and 
the  lines  sharply  defined.  On  the  line  between  the  snow  and  ice  two  parti<de8  of 
paint  were  lodged,  but  here  there  had  been  no  change  in  their  appearance. 

Experiment  No.  3.— Temperature  of  air  February  22d,  1868,  at  9  a.  M.  -4'F. 
Temperature  of  moulds  ~  4°.  Temperature  of  snow  in  moulds  before  pressure  —4*. 
Snow  used  was  granular. 

Temperatures.  9  a.  m.  -  V  F.,  12.15  p.  M  0**  F.,  2  P.  M.  0°  F.,  4  P.  M.  T  F.,  7  p.  m. 
-2"  F.,  9.40  P.  M.  -7"  F.,  8  A.  M.  of  February  23  -5*  F.,  1  P.  M.  0°  F.,  9.30  p.m. 
—  6''  F.  February  24th,  7.30  a.  m.  —10"  F.,  9  a.  m.  -7"  F.  Duration  48  hours. 
Opened  and  found  a  gradual  tranmtion  from  grauular  snow  at  the  bottom  of  the 
prism  to  perfect  ice  at  the  top.  The  ice  was  clear  and  fine.  The  paint  used  in 
this  experiment  was  very  finely  divided,  so  that  the  particles  might  be  affected  by 
the  least  moisture,  and  yet  in  the  best  of  the  ice  there  was  no  trace  of  a  spreading 
of  the  color.     Each  particle  was  a  distinct  speck  in  the  ice. 

In  looking  over  the  various  observations  upon  snow,  in 
connection  with  tliose  made  upon  prisms  of  ice  held  in  clamps, 
everything  seems  to  negative  the  supposition  that,  at  the  low 
temperatures  used,  moisture  intervenes  to  prepare  the  way  for 
regelation.  In  the  case  of  prisms  fully  exposed  to  view,  there 
is  no  sign  of  such  a  process.  Also  in  the  case  of  prisms,  and 
snow  as  well,  it  has  been  shown  that  the  rule  for  the  depression 
of  the  point  of  liquefaction  cannot  apply  under  such  pressures 
as  have  here  been  used.  Neither  is  there  good  leason  to  suppose 
that  the  development  of  sensible  heat  is  sufficient  to  have  an 
important  bearing  on  the  results.  Moreover,  inasmuch  as  regel- 
ation is  of  necessity  an  instantaneous  process,  the  evidence  that 
time  pla\^s  a  not  unimportant  part  in  the  process  by  which  con- 
tinuity is  established  between  fragments  of  ice  as  well  as  snow 
particles,  though  that  evidence  hereafter  to  be  reviewed  is  not 
as  definite  or  complete  as  could  be  wished,  bears,  so  far  as  it  is 
allowed  weight,  against  the  application  of  that  theory  to  the 
facts  here  insisted  on. 

I  would  not  however  be  supposed  to  overlook  possibilities 
which  must  be  contemplated  in  this  connection,  though  they 
seem  remote.  It  ma}'  be  conceived,  that,  in  the  case  of  prisms 
and  of  snow  packed  in  moulds,  inasmuch  as  it  is  not  possible  to 
bring  the  pressure  to  bear  evenly,  either  upon  all  points  of  frac- 
tured faces  of  prisms,  or  upon  all  points  of  the  mass  of  snow, 
there  might  be  now  here  and  next  there  a  concentration  of 
pressure  locally  upon  molecules,  in  consequence  of  which,  now 
at  this  point  and  next  at  another,  slight  moisture  might  be 
developed,  in  which  case  true  regelation  would  take  place.    In 
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this  form  my  friend  Mr.  Willson  has  suggested  tx)  me  a  possibil- 
ity, akin  to  one  which  I  mj'self  hud  considered,  namely  that  of 
local  leverage  among  the  particles,  by  which  large  local  press- 
ures might  be  concentrated  here  and  therein  the  mass.  But  it 
must  be  remembered  that  the  paint  test  demonstrates  that  there 
can  be  no  speading  of  moisture  from  such  centers ;  and  as  a 
further  connter-suggestion,  Mr.  Willson  points  me  to  the  fact 
that  we  should,  in  this  way,  secure  only  partial  re- union,  at 
single  points  along  the  faces  of  fracture  in  prisms,  and  only 
local  glaciation  of  the  snow  at  scattered  centers,  instead  of  the 
uniform  glaciation  of  the  whole  mass,  which  results  when  the 
pressure  is  prolonged. 

It  remains  only  to  lay  before  the  reader  such  evidence  as  the 
facts  give  us  of  the  influence  of  time  upon  the  processes  we 
are  discussing. 

I  think  it  will  serve  our  purpose  best,  at  this  point,  to  intro- 
duce a  brief  tabular  exhibit  of  quite  a  number  of  trials,  ar- 
ranged in  the  order  of  temperatures ;  premising  that  an  una- 
voidable indefiniteness  attaches  to  the  contained  results.  Those 
pressures  which  had  to  be  estimated  are  given  within  maxi- 
mum range  only.  I  think  I  am  perfectly  safe  however,  in 
saying  that  I  have  given  an  exaggerated  extreme  upper  limit 
Besides  this  it  is  to  be  noted  that  pressures  exerted  in  this  way, 
upon  a  yielding  mass  of  snow  in  a  mould,  do  not  tell  upon  the 
lower  portion  of  the  mould,  until  the  snow  has  had  time  to 
settle  away  and  the  pressure  is  followed  up.  So  that  full  eflFect 
is  at  first  experienced  only  near  the  face  of  the  plunger,  and 
then  only  for  a  short  time;  after  \^hich,  the  yielding  of  the 
mass  relieves  the  pressure.  This  introduces  an  element  of  un- 
certainty— by  bringing  the  amount  of  pressure  for  a  great  deal 
of  the  time,  and  for  a  large  portion  of  the  mass,  below  the 
figures  taken  to  express  it.  It  is  evident,  too,  from  a  glance  at 
the  table,  that  we  can  not  state  the  minimum  of  time  and  press- 
ure required  at  any  given  temperature  for  glaciation.  All  we 
can  do  is  to  say,  that,  at  particular  temperatures,  and  with  cer- 
tain pressures,  no  more  than  a  certain  length  of  time  is  required. 
We  nave  only  some  evidence  regarding  minimums.  It  will  be 
noticed  also  that  here  ice  is  not  considered  perfect,  unless  the 
snowy  whiteness  has  been  in  a  good  degree  replaced  by  a 
darker  shade,  more  approaching  that  of  lake  ice,  and  unless 
there  has  been  an  elimination  of  the  granular  structure. 
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Tabular  JExhibit  of  Observations  on  Snow. 
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950-1275 

676-  776 

1200-1600 

1693 

4122 

1475-1975 

1475-1976 
1475-1976 

3068 
1475-1976 

4122 
1476-1976 


Result. 


G-ray  ice,  imperfect 

Sub-vitreous,  sub-granular,  gray  ice. 

Gray  ice,  imperfect. 

Snow  and  coarse  granular,  very  good  ice. 

Hard  but  quite  granular. 

Sub-vitreous,  sub-granular. 

Very  perfect,  pretty  clear  ice. 

Very  perfect  ice. 

Sub-vitreous,  grantilar. 

Sub-vitreous,  grayish,  sub-granular. 

In  five  minutes  snow-darkened,  glaciation  surely 
complete. 

Vitreous,  dark,  translucent  ice  character  well  ad- 
vanced. 

Good  ice,  rather  white. 

Sub-vitreous,  opaque,  granular,  pure  white. 

Sub-vitreous,  granular. 

Good  ice. 

True  ice  but  not  as  perfect  as  some. 

Perfect  gray  ice  uniform  throughout 

Change  manifest  in  two  hours  and  in  ten  hours 
change  was  far  advanced,  perfect  gray  ice. 

Perfect  ice. 

Highly  vitreous,  dark,  melts  with  only  slightly  graa* 
ular  structure. 

Perfect  ice. 

Perfect  ice. 

Remarkably  clear  fine  ice. 

Highly  vitreous,  further  advanced  than  No.  21. 


If,  with  the  above  explanations  in  view,  we  direct  our  atten- 
tion to  special  portions  of  the  table,  we  find,  in  the  first  place, 
that  at  82°  F.,  with  a  very  nnoderate  pressure,  a  gray  ice  may 
be  obtained  in  from  one  to  three  minutes ;  and  no  marked 
difference  is  observed  between  ice  produced  under  an  extreme 
pressure  of  250  pounds  to  the  square  inch,  and  that  produced 
under  higher  pressures. 

No.  6,  with  temperature  of  26°,  subjects  snow  to  a  pressure 
of  from  1475  pounds  to  1975  pounds  to  the  square  inch  for  one 
minute.  This  high  pressure,  favored  by  a  not  very  low  tem- 
perature, fails  in  so  short  a  time  to  produce  perfect  ice,  while 
in  No.  7,  at  the  same  temperature,  under  a  lower  pressure,  we 
get  in  24  hours  ^'  very  perfect,  pretty  clear  ice.'* 

At  25°  F.  No.  S  gives  us  very  perfect  ice  in  an  hour  and  a 
half  under  a  pressure  of  from  1475  pounds  to  1975  pounds  per 
square  inch ;  and  still  better  is  No.  11  in  which,  at  a  tempera- 
ture of  23°,  and  under  a  pressure  ranging  from  1100  pounds  to 
1465  pounds  to  the  square  inch,  we  get  a  nearly  complete  gla- 
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ciation  in  twenty  minutes,  with  some  darkening  of  snow  in 
five  minutes. 

In  the  next  five  trials,  from  No.  12  to  No.  16  inclusive,  we 
have  a  range  of  only  two  degrees  of  temperature,  and  such  a 
relation  of  times  and  pressures  as  will  throw,  perhaps,  some 
light  on  the  point  under  discussion.  We  will  arrange  these 
five  trials  in  order,  according  to  ihe  perfection  of  the  ice: 


No.  15 

20'' F. 

10  m. 

No.  14 

20"?. 

2  m. 

No.  13 

21' F. 

45  m. 

No.  12 

22°  F. 

3  hoiirs 

No.  16 

20*  F. 

3  hours 

575  to  775  Iba. 
950  to  1275  lbs. 
950  to  1275  lbs. 
960  to  1275  lbs. 
1200  to  1600  lbs. 


! 


Sub-vitreous,  granular. 

Sub-yitreous,  opaque. 

Granular,  pure  white. 
Gkxxi  ice ;  rather  wliite. 

!  Vitreous,  dark,  translucent 
Ice-character  well  advanced. 
Good  ice. 


The  pressures  in  Nos.  14,  13,  and  12  are  the  same,  and  the 
temperatures  so  near  together  as  to  point  pretty  distinctly  to 
the  influence  of  time. 

Passing  over  the  higher  pressures  and  long  times  in  the 
lower  part  of  the  table,  I  call  attention  to  Nos.  21  and  25. 
There  is  an  apparent  discrepancy  between  these  two,  which  is 
probably  due  to  a  heavier  pressure,  within  the  range  set  down, 
oeing  brought  to  bear  upon  No.  25.  These  two  trials  show, 
however,  that  even  in  a  couple  of  hours  at  a  temperature  as 
low  as  —2^  P.,  under  a  pressure  certainly  less  than  2,000 
pounds  to  the  square  'inch,  glaciation  may  be  very  far 
advanced  ;  but  it  is  still  to  be  noticed  that  the  terms  express- 
ing the  result  are  much  more  positive  in  No.  28,  for  instance, 
where,  with  only  three  degrees  difference  in  temperature,  the 
long  continued  pressure  of  like  range  gives  perfect  ice;  and  it 
will  be  noticed  that  when  we  come  among  the  lower  tempera- 
tures such  strong  expressions  are  only  usea  where  the  pressure 
has  been  long  continued.  These  facts  taken  with  those  of  like 
nature  observed  when  experimenting  upon  prisms  ;  taken  also 
with  a  general  experience  running  in  that  direction,  incline  me 
to  the  conclusion  that  time  is  a  very  important  factor  in  the 
process  of  glaciation.  Impressions  early  made  by  observa- 
tions have  grown  into  a  strong  conviction  that  glaciation 
would  take  place  in  a  few  days  under  the  moderate  pressure  of 
say  1,000  pounds  to  the  square  inch,  allowed  to  bear  quietly 
and  continuously  on  snow  the  temperature  of  which  did  not 
-exceed  that  of  zero,  Fahrenheit 

The  results  of  these  observations  may  now  be  briefly 
■summed  up.    We  may  regard  as  established — 

(1.)  That  broken  prisms  of  ice,  at  temperatures  far  below 
-82®  F.,  will  firmly  reunite  if  the  faces  of  fracture  are  brought 
together  and  a  very  moderate  but  long  continued  pressure  is 
applied. 
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(2.)  That  snow  is  converted  into  ice  under  a  long  continaed 
pressure,  not  exceeding  2,000  pounds  per  square  inch,  and 
probably  much  less  than  that,  and  at  temperatures  near  to  zero 
Fahrenheit. 

(3.)  That  while  great  pains  have  been  taken  to  detect  the 
presence  of  moisture  in  the  snow  while  under  pressure  at  these 
temperatures,  no  satisfactory  evidence  of  its  presence  has  been 
obtained,  the  various  tests  failing  lo  give  it;  while,  on  the 
other  hand,  the  possibility  must  be  entertained  of  the  local 
development  of  moisture  in  centers  of  concentrated  pressure; 
though  the  paint  trials  demonstrate  that,  if  producea,  it  does 
not  flow  from  the  centers,  and  so  a  serious  difficulty  arises  as 
we  contemplate  this  possibility  as  influencing  the  result 

(4.)  That  the  evidence  is  not  inconsiderable  in  favor  of  the  in- 
fluence of  time  as  a  factor  in  the  establishment  of  continuity 
between  fragments  of  ice  and  between  snow  crystals  and,  inso- 
far as  this  consideration  is  admitted,  it  militates  against  the 
supposition  of  liquefaction  and  regelation  at  these  tempera- 
tures. 


Art.  LII. —  Communications  from  the  U.  S.  Qeological  Survey, 
Rocky  Mountain  Division,  I.  Chi  the  minerals,  mainly  Zeolites^ 
occurring  in  the  basalt  of  Table  Mountain,  near  Oolden,  Colorado; 
by  Whitman  Cross  and  W.  F.  Hillebrand. 

[The  communications,  of  which  the  following  is  the  first,  are 
intended  as  preliminary  notices  of  interesting  facts,  in  cases  where 
the  publication  of  the  report  which  would  embrace  them  is  neces- 
sarily delayed  for  a  considerable  length  of  time. 

In  the  course  of  an  investigation,  now  being  carried  on  in  this 
division,  into  the  geology  of  a  portion  of  the  eastern  flanks  of  the 
Colorado  Range  near  the  town  of  Golden,  the  opportunity  pre- 
sented itself  of  making  a  study  of  the  interesting  basaltic  flows  at 
that  point,  and  the  mmerals  contained  therein.  The  present  con- 
tribution by  Messrs.  Cross  and  Hillebrand  gives  a  brief  description 
of  the  species  thus  far  fully  determined,  viz:  chabazite,  thomsonite 
and  analcite.  The  latter  mineral  has  hitherto  been  supposed  hy 
many  persons  who  have  collected  it  at  this  point,  basmg  their 
assumption  on  statements  made  in  the  Ilayden  Reports,*  to  be 
leucite,  which  is  believed  to  be  unknown  elsewhere  in  this  country, 
except  as  a  microscopical  constituent  of  certain  rocks,  collected 
by  me  in  Wyoming,  when  on  the  Fortieth  Parallel  Survey.  Since 
the  Colorado  leucite  proves  to  be  analcite,  the  Leucite  Hills  of 
Wyoming  seem  to  be  still  the  only  known  locality  of  leucite  in 
the  United  States. 

S.  F.  Emmons,  Geologist  in  charge.] 

*  Annual  Report  of  tho  U.  S.  GeoL  and  Geog.  Survey  of  the  Territories  for 
1873— pp.  130  and  359. 
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Table  Mountain  is  situated  upon  the  plain,  twelve  miles  west 
:  Denver,  although  it  approaches  so  near  to  the  abruptly 
sing  foot-hills,  composed  of  Archaean  schists,  that  the  inter- 
3ning  space  is  scarcely  more  than  a  mile  in  width.  Within 
lis  space,  however,  are  exposed  the  upturned  edges  of  strata  of 
le  Trias,  Jura,  and  Cretaceous,  including  the  coal-bearing 
orizon  of  the  Laramie  formation ;  dipping  very  steeply  east. 

Table  Mountain  owes  its  existence  to  a  sheet,  or  rather  in 
lost  parts,  to  two  sheets  of  basalt,  which  have  in  a  measure 
rotected  the  underlying  strata  from  erosion.  Through  that 
jency  the  upturned  strata  adjacent  have  been  denuded  until 

valley  several  hundred  feet  deep  has  resulted,  separating 
'able  Mountain  from  the  foot-hills. 

The  horizontal  strata  of  Table  Mountain  seem  at  first  sight 
larkedly  unconformable  with  those  so  near  by,  but  this  ap- 
earance  is  due  to  the  location  of  this  valley  of  erosion  directly 
1  the  sharp  fold.  In  other  places  the  conformability  is  dis- 
inctly  shown. 

Opposite  the  mountain,  Clear  Creek  issues  from  the  foot-hills 
nd  has  cut  a  gorge  directly  through  it,  forming  what  are 
:nown  as  North  and  South  Table  Mountains.  On  the  banks 
f  the  creek,  behind  the  mountain,  is  situated  the  town  of 
Golden. 

The  mountain  is  a  plateau  or  mesa  of  not  more  than  four  to 
ve  square  miles  in  area,*  with  an  average  elevation  above  the 
ed  of  Clear  Creek  of  about  700  feet. 

The  source  of  the  basalt  is  in  certain  dykes  situated  to  the 
orth  and  northwest,  whence  the  lava  spread  out  in  a  sheet 
nd  flowed  to  the  south-southeast  The  lower  sheet  averages 
ue  hundred  to  one  hundred  and  fifteen  feet  in  thickness,  and 
ossesses  the  structure  of  a  stream  which  has  flowed  upon  the 
iirface.  Adjacent  to  the  underlying  strata,  is  a  layer  of  a  very 
orous  structure,  about  one  foot  in  thickness;  then  follows 
lassive  compact  rock  for  seventy  feet,  while  the  upper  forty 
>  fifty  feet  show  many  cavities,  large  and  small,  more  or  less 
attened  and  drawn  out,  and  the  surface  is  rough  and  jagged. 
?he  first  sheet  was  covered  by  a  second,  of  identical  composi- 
ion,  before  erosion  or  decomposition  had  produced  noticeable 
fleets.  Of  the  second  sheet,  only  the  massive  lower  part 
emains,  and  its  thickness,  as  well  as  the  lateral  extension  of 
>oth  sheets,  can  only  be  a  matter  of  conjecture.  The  rock  is  a 
eldspar  basalt  of  very  simple  composition ;  rather  coarsely 
irystalline  in  its  mas.si  ve  parts,  and  in  the  porous  with  a  groand- 
nass  which  becomes  finer-grained  as  it  approaches  the  contact 
)r  the  surface.  A  glassy  base,  now  much  devitrified  was  for- 
nerly  present  in  the  porous  parts. 

In  the  cavities  of  the  upper  portion  of  the  lower  sheet  are 
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many  beautifully  crystallized  zeolites,  associated  with  calcite 
and  aragonite.  The  mode  of  occurrence  varies  somewhat  in  dif- 
ferent parts  of  the  mountain,  and  a  few  species  seem  to  be 
locally  restricted,  but  most  of  those  to  be  described  can  be 
found  in  abundance  and  well  developed. 

At  a  point  on  the  southern  face  of  North  Table  Mountain, 
where  the  greatest  number  of  species  occur  together,  the  sta- 
dents  in  the  school  of  mines  at  Golden  began  blasting  for  spe- 
cimens several  years  ago.  During  the  present  investigations 
the  locality  was  still  further  opened,  and  absolutely  fresh  and 
clear  material  obtained.  Up  to  the  present  time,  the  following 
species  have  been  definitely  determined,  viz :  analcite,  apoph- 
yllite,  aragonite,  calcite,  cnabazite,  mesolite,  natrolite,  stiloite 
and  thomsonite.  Several  others  are  in  process  of  investigation, 
some  of  which  will  doubtless  prove  to  be  modifications  of 
some  of  the  species  mentioned.  In  the  further  description,  the 
order  to  be  followed  is  primarily  that  of  deposition  at  the 
above  locality,  where  frequently  as  many  as  six  or  seven  spe- 
cies occur  together. 

The  only  previous  notice  of  this  mountain  is  embodied  in 
the  report  of  Arch.  K.  Marvine,  in  Annual  Report  of  the  U.  & 
Geological  and  Geographical  Survey  of  the  Territories  for  the 
year  1878,  pp.  129-181,  but  the  information  given  is  exceed- 
ingly meager,  and  in  part  entirely  incorrect. 

The  Survey  is  indebted  to  Professor  A.  Lakes,  of  the  School 
of  Mines,  for  calling  special  attention  to  Table  Mountain. 

1.    Cliahazite. 

This  mineral  seems  to  be  the  oldest  of  the  zeolites,  with  the 
exception  of  certain  peculiar  stratified  deposits  in  some  of  the 
cavities,  the  character  of  which  has  not  been  fully  determined. 
It  was  however  preceded  in  some  places  by  yellow  calcite,  as 
will  be  described  later. 

In  most  cases  where  several  zeolites  occur  together,  chabazite 
forms  a  coating  to  the  cavity,  and  upon  it  the  others  are  depos- 
ited. It  frequently  occurs  alone  however  and  excellent  speci- 
mens are  abundant.  The  glassy,  white,  or  rarely  pinkish  crys- 
tals have  the  usual  rhombohedral  form,  and  the  faces  are  occa- 
sionally as  much  as  1  cm.  in  diameter.  The  crystals  are 
usually  twins  of  interpenetration. 

In  some  of  the  smaller  cavities  are  sub-dividing  walls  of  cha- 
bazite, or  miniature  columns  composed  of  many  small  crystals. 

A  second  generation  of  chabazite  came  after  thomsonite  and 
analcite,  but  the  crystals  are  few  and  very  minute.  No  optical 
or  chemical  examination  has  as  yet  been  made. 
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2.   Thovnsonite. 

Phis  zeolite  followed  closely  upon  the  chabazite,  indeed  its 
•liest  aggregates  are  so  intimately  associated  with  that  min- 
l1,  as  to  make  it  evident  that  the  deposition  of  the  one  had 
5un  before  that  of  the  other  had  ended.  The  mineral  occurs 
very  minute  rectangular  blades,  which  are  placed  upon  each 
ler  like  the  leaves  of  a  closed  fan,  and  the  very  compact 
nbinations  of  such  aggregates  are  usually  arranged  in  a 
)re  or  less  distinctly  radiate  manner.  Sometimes  spherical 
ms  result ;  in  other  cases, columns,  by  radiation  from  an  axis; 
less  frequently,  walls,  the  blades  standing  at  right  angles  to 
5  central  plana  Where  crystals  of  yellow  calcite  were  not 
irered  by  chabazite,  the  thomsonite  has  never  failed  to  coat 
jm,  the  blades  being  approximately  perpendicular  to  the 
ratal  faces.  When  a  large  surface  of  chabazite  has  been 
Tipletely  coated  by  the  more  or  less  radiate  aggregates  of 
>msonite,  forming  an  undulating  surface,  the  wnole  has  a 
«t  delicate  silken  lustre,  while  that  on  a'  fractured  surface 
a  spherical  mass  is  more  satinOike.  The  aggregates  are 
lite  when  pure  ;  single  blades  are  transparent 
It  is  difficult  to  obtain  isolated  leaves,  and  they  are  then  so 
n  as  to  affect  polarized  light  but  slightly  ;  still,  it  was  defi- 
lely  determined  that  the  direction  of  total  extinction  between 
)ssed  Nicols  is  parallel  to  the  longitudinal  axis.  By  examin- 
on  of  the  ends  of  the  blades,  under  the  microscope,  with  a 
wer  of  ninety  diameters,  it  could  be  seen  that  the  vertical 
ges  were  formed  in  many  cases  by  a  plane  at  right  angles  to 
2  dominant  surface ;  occasionally  a  prism  with  angle  very 
ar  90°,  and  in  a  few  cases  both  forms  together  were  seen, 
lese  planes  correspond  to  the  macropinacoid  (dominant), 
ism  and  brachypinacoid  of  thomsonite  as  given  by  all 
thorities.  The  termination  seems  to  be  the  basal  plane, 
le  average  thickness  of  these  blades  is  about  0*01°^.  Toward 
e  close  of  the  zeolitic  formation,  a  second  generation  of 
omsonite  was  deposited.  The  blades  are  in  this  case  longer 
an  those  of  the  first,  while  the  other  dimensions  remain 
out  the  same. 

In  combination  with  the  basis  upon  the  crystals  of  this  latter 
owth  are  apparent  brachydomes,  whose  angles  with  the 
sis  were  most  frequently  measured  at  about  145°  or  135°. 
The  blades  of  the  second  generation,  when  deposited  upon 
ose  of  the  first,  have  the  same  crystallographic  orientation, 
d  serve  simply  as  prolongations  of  the  latter.  Through  the 
ual  slight  yellowish  tinge  of  the  recent  growth,  the  line  be- 
^een  the  two  is  clear. 

The  long  blades  of  the  second  growth  of  thomsonite  often 
rm   bundles  resembling  rough  prismatic  crystals,  and  these 
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bundles  arranged  in  a  loosely  and  irregularly  radiate  manner 
form  bunches  an  inch  or  more  in  diameter,  upon  which  the 
delicate  needles  of  mesolite  have  a  special  tendency  to  deposit 
themselves.     Reference  will  be  made  to  this  again  later. 

Of  the  following  chemical  analyses,  that  under  I  is  of  the 
older,  and  that  under  IT  of  the  more  recent  growth.  In  each 
case  the  percentages  under  h  denote  repeated  determinations. 
The  material  for  I  was  carefully  selected  with  a  view  to  purity. 
The  imperfectly  spherical  aggregates  were  broken  up  quite 
fine,  and  each  particle  appropriated  for  analysis  was  first 
closely  examined  with  the  loupe,  in  order  to  detect  any  trace 
of  chabazite.  Analysis  II  was  made  of  material  taken  from 
one  of  the  bunches  above  described.  The  microscope  showed 
that  minute  hairs  of  mesolite  were  so  intimately  associated 
with  the  thomsonite  as  to  render  their  complete  removal  im- 
possible. The  specimen  chosen  had  comparatively  few  of 
them,  and  the  increased  percentage  of  SiO,  probably  indicates 
the  amount  of  the  impurity  present. 


AU03- 

CaO  . . 
NaaO- 
H,() . 


a. 


40-681 
30-117 
11-921 
4-444 
12-857 


40-703 
29-749 
11-895 


100-020 


II. 


III. 


a. 


h. 


42-662 
29-252 
10-900 
4-920 
12-275 


IV. 


41-6 


40-8T: 


29-286 
10-900 

12,337 


100-009 


From  the  above  figures,   the   following  oxygen  ratios  are 
obtained  : 


RO     ; 

:     Al/),     : 

SiO,     : 

H/) 

I. 

1 

:        3-09 

4-76 

:     2-51 

I. 

1 

3-10     : 

5-17 

;     2-48 

These  ratios  agree  quite  well  with  those  in  the  variety  for- 
merly called  mesole  or  faroelite.  But  that  thomsonite  which 
seems  to  be  considered  by  Dana,  Rammelsberg,  Naumaon- 
Zirkel  and  others,  has  a  ratio  of  about  1:3:4:2^,  and  Dana* 
directly  intimates  that  the  high  percentage  of  silica  in  mesole, 
is  due  to  an  admixture  of  quartz,  mesolite,  etc.  Thinking  it 
barely  possible  that  some  chabazite  had  escaped  notice  in  ob- 
taining material  for  I,  thus  increasing  the  percentage  of  silica, 
a  second  portion  of  thomsonite  from  the  same  specimen  was 
procured,  by  simply  breaking  off  the  ends  of  the  blades,  and 
this  was  found  to  contain  41*6  per  cent.  SiO,  (III).  A  micro- 
scopic examination  of  this  material  showed  that  these  blades 

'•"  A  SyHtuiM  (»f  Mineralojiiv.  od.  ()f   1874.  p.  424. 
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thomsonite  contained  very  small,  irregularly  rounded  parti- 
38,  imbedded  in  the  outer  surfaces  These  particles  which 
e  clear,  or  slightly  yellowish,  do  not  afl'ect  polarized  light 
irceptibly,  and  are  not  crystalline  in  form.     They  are  present 

varying  quantity  toward  the  termination  of  nearly  all  blades, 
it  are  usually  entirely  wanting  in  the  lower  portions  of  all 
:gregates. 

Analysis  IV  was  made  from  material  taken  from  the  purest 
id  finest  specimen  of  thomsonite  as  yet  obtained.  Here  the 
posit  of  thomsonite  was  unusually  thick,  and  the  separation 
>m  the  underlying  thin  layer  or  chabazite  was  complete. 
ae  particles  above  referred  to  were  present  in  very  small 
lantity  in  the  upper  part  of  the  blades,  and  even  if  they  con- 
Jted  of  pure  silica  could  have  affected  the  result  but  slightly. 

While  believing  that  the  results  obtained  indicate  a  greater 
iriation  in  the  composition  of  thomsonite,  than  is  allowable 
ader  the  generally  accepted  formula  of  Rammelsberg,* 

m(2CaAlSi,0,  +  6aq.)  ) 
n  (2Na,AlSi,0, + 5aq.)  J  ' 

be  further  discussion  of  the  question  is  reserved  for  the  final 
eport 

It  was  found  that  a  varying  quantity  of  water  (usually 
,bout  2  per  cent)  could  only  be  driven  off*  at  a  very  hign 
emperature,  but  as  yet,  no  simple  molecular  ratio  between 
his  water  and  the  compound  has  been  found.  The  material 
ras  dried  at  100°  C.  The  action  of  this  thomsonite  before  the 
Jowpipe  is  entirely  normal. 

The  thomsonite  of  Table  Mountain  was  first  identified, 
hrough  a  quantitative  analysis,  by  Carlton  H.  Hand,  at  the 
ime  a  stuoent,  now,  assistant  in  assaying,  in  the  School  of 
ifiDcs,  at  Golden.  The  analysis  was  never  published,  and  has 
ince  been  lost 

3.  Analdte, 

Analcite  follows  thomsonite  in  time  of  deposition.  At  the 
ocality  mentioned  on  North  Table  Mountain,  its  crystals  are 
pure  white  or  transparent,  and  vary  in  size  from  very  small 
)Des,  to  those  nearly  an  inch  in  diameter.  The  predominating 
brm  is  the  common  trapezohedron  2-2  (202),  having  its  octa- 
ledral  edges  evenly  truncated  by  f  (fO).     The  appearance  of 

is  very  characteristic  of  the  Table  Mountain  analcite,  though 
be  form  is  never  prominent,  and  is  usually  represented  by  an 
loeedingly  narrow  line.  According  to  Zirkel,t  the  form  f 
as  been  observed  but  once  on  analcite,  viz:  by  Laspeyres  on 
lat  from  the  Kerguelen  islands. 

*G.  Rammelsberg,  Mineral  Chemie,  1875,  p.  657. 

f  Naumanu-Zirkel,  "  ElemeDte  der  Mineralogie."    Leipzig,  1881. 
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All  of  this  analcite  examined  is  doably  refractive,  bat  so 
irregularly  that  it  cannot  well  be  used  in  confirmation  of  the 
interesting  observations  of  BenSaude,*  according  to  whom 
the  optical  anomalies  of  analcite  are  only  to  be  explained  by 
the  theory  of  tension  (Spannung)  within  the  crystal,  caosed 
by  some  irregularities  of  growth. 

A  second  generation  of  analcite  was  observed,  analogous  to 
that  of  chabazite,  the  crystals  being  very  small  and  clear. 
They  were  observed  upon  apophyllite. 

On  the  eastern  side  of  North  Table  Mountain,  analcite  is 
often  present  alone,  filling  small  cavities  completely,  and  de- 
veloped in  immense  crystals  in  the  large  ones.  Some  crystals 
here  were  nearly  two  inches  in  diameter.  The  faces  of  such 
large  crystals  are  often  uneven  through  depressions  or  other 
irregularities  bounded  by  faces  of  2-2  (202). 

On  South  Table  Mountain  analcite  is  more  abundant  than 
any  other  zeolite.  Large  cavities  have  a  fioor  of  analcite,  but 
always  in  quite  small  crystals.  Natrolite  is  almost  invariably 
deposited  upon  it,  and  freauently  small  cracks  are  filled  with 
the  same  mineral,  associated  with  calcite  or  natrolite. 

Analcite  was  also  found  in  spaces  between  the  pebbles  of  a 
conglomerate  bed,  not  far  below  the  basalt,  the  pebbles  being 
of  basic  eruptive  rocks. 

Denver,  Oolorado,  April,  1882. 

[To  be  continued.] 


Art.    LIU. —  On   a   new  Locality  for   Hayesine  and  its  novel 

occurrence ;  by  Nelson  H.  Darton. 

Hayesine  has  only  been  found  heretofore,  as  far  as  I  can 
find,  at  Iquique,  South  America,  upon  the  western  coast  of 
Africa,  and  in  Nova  Scotia,  and  occurring  with  gypsum  and 
some  allied  species,  the  variety  generally  containing  soda  in 
greater  or  less  but  no  fixed   proportion.     I  now  add  another 
locality,  which  is  Bergen  Hill.     It  occurs  here,  not  with  gyp- 
sum, etc.,  but  with  datholite  and  calcite  in  cavities  in  the  trap 
rock.     At  the  new  railroad  tunnel  now  in  progress  near  Wee- 
t^awken.  New  Jersey,  when  down  in  shaft  No.  2  of  the  tunnel 
at  a  distance  of  about  1600  feet  from  the  east  face  of  the  dike 
and  185  feet  below  the  ground  above,  I  found  in  examining  a 
vein  of  calcite,  etc.,  exposed  on  the  north  side,  a  peculiar  min- 
eral lying  upon  the  crystals  in  the  geode  that  I  did  not  recog- 
nize for  this  locality.     It  evidently  was  not  pcctolite  as  the 
fibers  were  quite  soft,  even  pulverulent.     They  seemed  more 

♦Alfredo  Ben-Saude,  "  Ueber  den  ADalcim,''  in  "Neues  Jahrbuch  fQr  Mio- 
eralo^rie"  etc..  18H2.  I.  41. 
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asbestos  than  any  other  species,  but  still  in  doubt  I  secured 
hat  was  possible,  and  when  arriving  in  New  York  made  a 
nical  and  physical  examination  of  it.  A  preliminary  blow- 
J  treatment  showed  it  to  be  readily  fusible  and  when  moist- 
1  with  acid  the  characteristic  green  flame  proved  it  to  be  a 
ite.     The  analysis  yielded  the  following  results: 

CalculHted  to  CaBaO,  +  3H80. 

Lime    1839  18*42 

Boracicacid   4610          *  4605 

Water .  3546  3553 

Silica  1 

Soda           V    trace 

Magnesia    j  

99-95  10000 

he  traces  of  silica  and  magnesia  were  probably  due  to  ex- 
)r  causes,  but  the  presence  of  the  soda  was  very  marked, 
specific  gravity  was  between  1*5  and  1'7.  I  could  find 
7*8  decigrams,  and  as  the  greater  part  of  this  has  been 
1  in  the  examinations  I  have  but  2*6  decigrams  left ;  but  I 
e  reason  to  believe  that  much  more  may  be  procured  by 
.ing  into  the  vein  for  it,  and  besides  there  may  be  many 
-oductions  of  the  same  conditions  under  which  it  occurred. 
J  form  was  that  of  acicular  crystals  about  4°*°*  long  and  very 
ider.  They  were  grouped  together  in  the  form  of  little 
s  and  these  lay  loosely  upon  the  crystals  of  calcite  (dog- 
ih  spar).  These  geodes  were  surrounded  by  others  of  dath- 
e  and  enclosed  in  a  vertical  vein  2^  to  4  inches  wide,  partly 
jd  with  the  primary  forms  of  calcite  and  chlorite.  The  rock 
juite  soft  and  very  permeable  to  infiltering  water.  Thus 
le  borate  of  lime  has  been  taken  into  solution  under  peculiar 
I  unknown  conditions  and  crystallized  after  running  into 
geode  which  held  it  All  these  geodes  are  open  at  the 
,  this  is  directed  toward  the  upper  side  of  the  vein,  and 
lid  thus  arrest  and  hold  infiltenng  solutions.  I  intend  to 
3Stigate  how  datholite  is  decomposed  and  borate  of  lime 
irated  out  of  its  constituents. 

boratorj,  319  Pearl  street 
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Art.  LIV. — Notes  on  the  Electromagnetic  Theory  of  Light ;  bj 
J.  WiLLARD  GiBBS.  No.  11. — On  Double  Brfractum  in  per- 
fectly transparent  Media  which  exhibit  the  Phenomena  of  Circular 
Polarization. 

1.  In  the  April  number  of  this  Journal,*  the  velocity  of 
propagation  of  a  system  of  plane  waves  of  light,  regarded  as 
oscillating  electrical  fluxes,  was  discussed  with  such  a  degree 
of  approximation  as  would  account  for  the  dispersion  of  colors 
and  give  Fresnel's  laws  of  double  refraction.  It  is  the  object 
of  this  paper  to  supplement  that  discussion  by  carrying  the  ap- 
proximation so  much  further  as  is  necessary  in  order  to 
embrace  the  phenomena  of  circularly  polarizing  media. 

2.  If  we  imagine  all  the  velocities  in  any  progressive  system 
of  plane  waves  to  be  reversed  at  a  given  instant  without 
affecting  the  displacements,  and  the  system  of  wave-motion 
thus  obtained  to  be  superposed  upon  the  original  system,  we 
obtain  a  system  of  stationary  waves  having  the  same  wave- 
length and  period  of  oscillation  as  the  original  progressive  sys- 
tem. If  we  then  reduce  the  magnitude  of  the  displacements  in 
the  uniform  ratio  of  two  to  one,  they  will  be  identical,  at  an  in- 
stant of  maximum  displacement,  with  those  of  the  original  sys- 
tem at  the  same  instant. 

Following  the  same  method  as  in  the  paper  cited,  let  us 
especially  consider  the  system  of  stationary  waves,  and  divide 
the  whole  displacement  into  the  regular  part,  represented  by  c, 
Tfjy  (J^,  and  the  irregular  part,  represented  by  ^\  tj\  ^',  in  accord- 
ance with  the  definitions  of  §  2  of  that  paper. 

3.  The  regular  part  of  the  displacement  is  subject  to  the 
equations  of  wave-motion,  which  may  be  written  (in  the  most 
general  case  of  plane  stationary  waves) 

^     /  '/  .         ?/\  t      ^ 

^=i  or,  C08  27r  ,  H-n'sSiii  27t-  |cos2;r-, 
\    '  /  1/  P' 

(u  u\  t 

/!/,  COS  2;ry +  /^.jsin  2;ry  jcos  27r-,     J.  (j) 

/  ''  .  "\        ^     ^ 

I  y^  cos  *?;r    -\-  y.  sin  27t-  I  cos  27r— , 

where  Z  denotes  the  wave-length,  p  the  period  of  oscillation,  u 
the  distance  of  the  point  considered  from  the  wave-plane  pass- 
ing through  the  origin,  a„  /9„  /-,  the  amplitudes  of  the  displace- 
ments f,  3j,  ^  in  the  wave-plane  passing  through  the  origin,  and 
«,,  ^9„  y^  their   amplitudes  in  a  wave-plane   one-quarter  of  a 

♦  f^e  page  2<)2  of  this  volume. 
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length  dietaDt  and  on  the  side  toward  which  u  increases, 
also  write  L,  M,  N  for  the  direction-cosines  of  the  wave- 
l1  drawn  in  the  direction  in  which  u  increases,  we  shall 
Lhe  following  necessary  relations : 

L*  +  M'-|-N»=l,  (2) 

w=Laj4-My-|-Nz,  (3) 

Lflr,  +  M/?,  +  N;/,=0,     La,-|-M/!^,-|-Nx«=0.  (4) 

That  the  irregular  part  of  the  displacement  (f ',  3y/  ^')  at 
iven  point  is  a  simple  harmonic  function  of  the  time, 
5  the  same  period  and  phase  as  the  regular  part  of  the 
cement  (f,  ly,  !^\  may  be  proved  by  the  single  principle  of 
>osition  of  motions,  and  is  therefore  to  be  regarded  as 
in  a  discussion  of  this  kind.  But  the  further  conclusion 
!  preceding  paper  (§  4),  **  that  the  values  of  f ',  ay',  ^'  at 
ven  point  in  the  medium  are  capable  of  expression  as 
functions  of  f,  tj^  iJ^  in  a  manner  which  shall  be  inde- 
nt of  the  time  and  of  the  orientation  of  the  wave-planes 
le  distance  of  a  nodal  plane  from  the  point  considered,  so 
IS  the  period  of  oscillation  remains  the  same,*'  is  evi- 
only  approximative,  although  a  very  close  approxima- 
A  very  much  closer  approximation  may  be  obtained,  if 
jard  f',  7j\  f',  at  any  given  point  of  the  medium  and  for 
)f  a  given  period,  as  linear  functions  of  f,  3y,  f  and  the 
liflFerential  coSflScients 

dS     d?)     dS,     d£ 
doc^    dx^     dx^     dy^ 

hall  write  f,  3y,  f  and  diff.  coeff,  to  denote  these  twelve 

ities. 

m  this  it  follows  immediately  that  with  the  same  degree 

a  •  • 

Droximation  $',  7j\  ^'  may  be  regarded,  for  a  given  point 

medium  and  light  of  a  given  period,  as  linear  functions 
•  .    •    . 

;,  f  and  the  differential  coefficients  of  c,  Jy,  C  with  respect 
coordinates.     For  these  twelve  quantities  we  shall  write 

'and  diff,  co'eff, 

LiCt  us  now  proceed  to  equate  the  statical  energy  of  the 

im  at  an  instant  of  no  velocity  with  its  kinetic  energy  at 

stant  of  no  displacement.     It  will  be  convenient  to  esti- 

each  of  these  quantities  for  a  unit  of  volume. 

The  statical  energy  of  an  infinitesimal  element  of  volume 

)e  represented  by  <rdv,  where  <r  is  a  quadratic  function  of 

>mponents  of  displacement  c  +  f,  ^4-3y',  C+C-     Since  for 
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that  element  of  volume  f',  iy',  f^'  may  be  regarded  as  linear 
functions  of  f,  iy,  T  and  diff.  coeff.^  we  may  regard  u  as  a  quad- 
ratic function  of  c,  7,  C  ^'^^  ^l/T*  ^if*f  or  as  a  linear  function 
of  the  seventy-eight  squares  and  products  of  these  quantities. 
But  the  seventy-eight  coefficients  by  which  this  function  is  ex- 
pressed will  vary  with  the  position  of  the  element  of  volume 
with  respect  to  the  surrounding  molecules. 

In  estimating  the  statical  energy  for  any  considerable  spaoe 
by  the  integral 

ftfdvy 

it  will  be  allowable  to  substitute  for  the  seventy-eight  coeffi- 
cients contained  implicitly  in  a  their  average  values  through- 
out the  medium.  That  is,  if  we  write  s  for  a  quadratic  fonc- 
tion  of  f,  Tj,  J',  and  diff,  coeff  in  which  the  seventy-eight  coeffi- 
cients are  the  space-averages  of  those  in  a^  the  statical  energy 
of  any  considerable  space  may  be  estimated  by  the  integral 

fadv. 

(This  will  appear  most  distinctly  if  we  suppose  the  integration 
to  be  first  eflTected  for  a  thin  slice  of  the  medium  bounded  by 
two  wave-planes  )  The  seventy-eight  coefficients  of  this  func- 
tion s  are  determined  solely  by  the  nature  of  the  medium  and 
the  period  of  oscillation. 

We  may  divide  s  into  three  parts,  of  which  the  first  (s)  con- 
tains the  squares  and  products  of  f,  ly,  J',  the  second  {s/)  con- 
tains the  products  of  f,  Jy,  C  with  the  differential  coefficients, 
and  the  third  («^^^)  contains  the  squares  and  products  of  the 
differential  coefficients.  It  is  evident  that  the  average  statical 
energy  of  the  whole  medium  per  unit  of  volume  is  the  space- 
average  of  5,  and  that  it  will  consist  of  three  parts,  which  are 
the  space-averages  of  s^,  5^^,  and  s^^^,  respectively.  These  parts 
we  may  call  S^,  S^^,  and  S,^,.  Only  the  first  of  these  was  con- 
sidered in  the  preceding  paper. 

Now  the  considerations  which  justify  us  in  neglecting,  for 
an  approximate  estimate,  the  terms  of  5  which  contain  the  dif- 
ferential coefficients  of  f,  jy,  J'  with  respect  to  the  coordinates, 
will  apply  with  especial  force  to  the  terms  which  contain  the 
squares  and  products  of  these  differential  coefficients.  There- 
fore, to  carry  the  approximation  one  step  beyond  that  of  the 
preceding  paper,  it  will  only  be  necessary  to  take  account  of 
8^  and  s    and  of  S^  and  S^^. 

7.   We  may  set 

where,  for  a  given  medium  and  light  of  a  given  period,  A.  B, 
C,  E,  F,  G  are  constant 
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Since  the  average  values  of 

.  »      w  ^      u       .        w  u 

8in  27r-^     cos  2;r-,     sin  27r-  cos  2;r- 

re  respectively  i,  i,  and  0,  and  since  at  the  time  to  be 
onsidered 

COB  2;r-=l, 
P 

i  will  appear  from  inspection  of  equations  (1)  that 

+  i(  Aa,*  +  B/?/  +  Qy,'  +  E/3,y,  +  Fy,a,  -f  Ga,/?,).         (6) 

^his  is  the  first  part  of  the  statical  energy  of  the  whole  medium 
ler  unit  of  volume 

8.  The  second  part  of  the  statical  energy  of  the  whole  medium 
►er  unit  of  volume  (S^J  is  the  space-average  of  5^^,  which  is  a 
inear  function  of  the  twenty -seven  products  of  f ,  iy,  (^  with  their 
ifferential  coefficients  with  respect  to  the  coordinates.  Now 
ince 

^  dx-^    dx  '     "^d^-^    dot  '     ''^''•' 

he  space-average  of  such  products  will  be  zero,  and  they  will 
ontribute  nothing  to  the  value  of  S^^.  There  will  be  nine  of 
hese  products,  in  which  the  same  component  of  displacement 
ppears  twice.  The  remaining  eighteen  products  may  be 
livided  into  pairs  according  to  the  letters  which  they  contain,  as 

dS,  di} 

^  linear  function  of  the  eighteen  products  may  also  be  regarded 
8  a  linear  function  of  the  sums  and  differences  of  the  products 
Q  such  pairs.     But  since 

dS       dT}__d(7]8) 
dx       dx~~    dx   ' 


he  terms  of  «^,  containing  such  sums  will  contribute  nothing  to 

he  value       ~ 

lifferences 


he  value  of  S^^.     We  have  left  a  linear  function  of  the  nine 


dSi     ^drj      ^dS     ^d8,      ^dtj       dS 

^^     ^^»     ^~^     ^!^?     ^~^^     ^f'jZ'*     ®tc., 
ax       ax        ax       Ox        Ox       dx 

the  unwritten  expressions  being  obtained  by  substituting  in 
be  denominators  dy  and  dz  for  dx^)  which  constitutes  the  part 
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of  5^^  that  we   have    to   consider.     S^^  is   therefore   a   linear 
function  of  the  space-averages  of  these  nine  quantities.     But 

by  (3) 


dx       dx""    \  du       duP 


and  the  space-average  of  this,  at  a  moment  of  maximum 
displacement,  is  by  (1) 

By  such  reductions  it  appears  that  /S,,  is  a  linear  function  of 
the  nine  products  of  L,  M,  N  with 

Ays— riA>   ri^8— ^ir«5   «^i/^2— A«». 

Now  if  we  set 

we  have  by  (4)  and  (2) 

L®=Ar«-riA>     M(b)=;/,a8-af,y„     N0=ai/y,-/!^,a5.    (8) 

Therefore  /S^^  is  a  linear  function  of  the  nine  products  of  L,  M, 
N  with  L^,  M^,  Nft  That  is,  ZS,,  is  the  product  of  B  and  a 
quadratic  function  of  L,  M  and  N.     We  may  therefore  write 

where  (P  is  a  quadratic  function  of  L,  M  and  N,  dependent, 
however,  on  the  nature  of  the  medium  and  the  period  of 
oscillation. 

9.  It  will  be  useful  to  consider  more  closely  the  geometrical 
significance  of  the  quantity  ft  For  this  purpose  it  will  be  con- 
venient to  have  a  definite  understanding  with  respect  to  the 
relative  position  of  the  coordinate  axes. 

We  shall  suppose  that  the  axes  of  X,  Y,  and  Z  are  related 
in  the  same  way  as  lines  drawn  to  the  right,  forward  and  up- 
ward, so  that  a  rotation  from  X  to  Y  appears  clock-wise  to  one 
looking  in  the  direction  of  Z. 

Now  if  from  any  same  point,  as  the  origin  of  coordinates,  we 
lay  oflF  lines  representing  in  direction  and  magnitude  the  dis- 
placements in  all  the  different  wave-planes,  we  obtain  an 
ellipse,  which  we  may  call  the  displacemeni'ellipse*  Of  this, 
one  radius  vector  (/>,)  will  have  the  components  a,,  ^„  y^,  and 

♦  This  eUipao,  whicli  represents  the  simultaneous  displaceraents  in  differeni 
parts  of  the  field,  will  also  represent  the  successive  displacements  at  any  same 
point  in  the  corresponding  system  of  projrressive  waves. 
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another  {p^  the  components  a,,  /9„  y^.  These  will  belong  to 
conjugate  diameters,  each  being  parallel  to  the  tangent  at  the 
extremity  of  the  other.  The  area  of  the  ellipse  will  therefore 
be  equal  to  the  parallelogram  of  which  p^,  and  /o,  are  two  sides, 
multiplied  by  ;r.  Now  it  is  evident  that  Ara""ri  A?  Tx^'^^xTvi 
a,/9i— jS,  a,  are  numerically  equfil  to  the  projections  of  this  par- 
allelogram on  the  planes  of  the  coordinate  axes,  and  are  eaoh 
positive  or  negative  according  as  a  revolution  from  p^  to  p^ 
appears  clock-wise  or  counter-clock-wise  to  one  looking  in  the 
direction  of  the  proper  coordinate  axis.  Hence,  6  will  be  nu- 
merically equal  to  tne  parallelogram,  that  is,  to  the  area  of  the 
displacement-ellipse  divided  by  ;r,  and  will  be  positive  or  nega- 
tive according  as  a  revolution  from  py  to  p^  appears  clock-wise 
or  counter-clock-wise  to  one  looking  in  the  direction  of  the 
wave-normal.  Since  p^  and  p^  are  determined  by  displacements 
in  planes  ojie-quarter  of  a  wave-length  distant  from  each  other, 
ana  the  plane  to  which  the  latter  relates  lies  on  the  side  toward 
which  the  wave-normal  is  drawn,  it  follows  that  B  is  positive 
or  negative  according  as  the  combination  of  displacements  has 
the  character  of  a  right-handed  or  a  left-handed  screw. 

10.  The  kinetic  energy  of  the  medium,  which  is  to  be  esti- 
mated for  an  instant  of  no  displacement,  may  be  shown  as  in 
§  7  of  the  former  paper  (page  266  of  this  volume)  to  con- 
sist of  two  parts,   of  which  one  relates  to  the   regular  flux 
...  •     •     • 

(f,  jy,  ^,  and  the  other  to  the  irregular  flux  (f ',  r/^  f^^\     The 

first,  in  the  notation  of  that  paper,  is  represented  by 

\f(^  Pot  i  +  ^  Pot ;;  -f  ^  Pot  8)  dv, 
which  reduces  to 


27r 


By  substitution  of  the  values  given  by  equations  (1),  we  obtain 
for  the  kinetic  energy  due  to  the  regular  flux  in  a  unit  of  vol- 
ume 

T=-r(«.' + A* +/,'+«,'+ A' +r,')-  CO) 

11.  The  kinetic  energy  of  the  irregular  part  of  the  flux  is 
represented  by  the  volume-integral 

/i  (£'  Pot  h'  4-  7}  Pot  //  -f  a'  Pot  a')  di\ 


•         • 


Now,  since  f,  7j\  ^'  are  everywhere  linear  functions  of  c,  jy,  C 
and  diff,  coeff.  (see  §  4),  and  since  the  integrations  implied 
in  the  notation  Poi  may  be  confined  to  a  sphere  of  which  the 
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radius  is  small  in  comparison  with  a  wave-length,*  and  since 

•        •        • 

within  such  a  sphere  f,  iy,  Z  ^^^  ^iff-  ^ff-  »re  sufficiently  de- 
termined (in  a  linear  form),  by  the  values  of  the  same  twelve 

• 

quantities  at  the  center  of  the  sphere,  it  follows  that  Pot  f . 
•  •  •    •    • 

Pot  iy',  Pot  f  must  be  linear  functions  of  the  values  of  f,  r/^  ^ 
and  dfff.  coeff,  at  the  point  for  which  the  potential  is  sought 
Hence, 

i  {k'  Pot  h'  +  h'  Pot  v'-^^  Pot  Z') 

•    •    • 
will  be  a  quadratic  function  of  f,  y,  ^  and  diff,  coeff.     But  the 

seventy-eight  coefficients  by  which  this  function  is  expressed 

will  vary  with  the  position  of  the  point  considered  with  respect 

to  the  surrounding  molecules. 

Yet,  as  in  the  case  of  the  statical  energy,  we  may  substitute 
the  average  values  of  these  coefficients  for  the  coefficients 
themselves  in  the  integral  by  which  we  obtain  the  energy  of 
any  considerable  space.  The  kinetic  energy  due  to  the  irregu- 
lar part  of  the  flux  is  thus  reduced  to  a  quadratic  function  of 
... 

f,  7,  C  ^'*^  ^iff'  f^oeff,   which   has  constant  coefficients  for  a 
given  medium  and  light  of  a  given  period. 

The  function  may  be  divided  into  three  parts,  of  which  the 


•       • 


first  contains  the  squares  and  products  of  f,  tj.  ^,  the  second  the 

•       •         • 

products  of  f,  7j,  f  with  their  differential  coefficients,  and  the 
third,  which  may  be  neglected,  the  squares  and  products  of  the 
diflferential  coefficients. 

We  may  proceed  with  the  reduction  precisely  as  in  the  case 
of  the  statical  energy,  except  that  the  differentiations  with  re- 

spect  to  the  time  will  introduce  the  constant  factor  — r.    This 

,      .  P. 

will  give  for  the  first  part  of  the  kinetic  energy  of  the  irregular 

flux  per  unit  of  volume 

+  '^ ( A'<  +  B'fi,^  4-  C)>;  +  K'fi.r,  +  F'r,a,  +  O'/../^.),    (11) 

p 

and  for  the  second  part  of  the  same 

pi 

*  See  §  9  of  the  former  paper,  on  page  268  of  this  volume. 
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where  A',  B',  C,  E',  F',  G'  are  constiint,  and  0"  a  quadratic 
function  of  L,  M,  and  N,  for  a  given  medium  and  light  of  a 
given  period. 

12.   Equating  the  statical  and  kinetic  energies,  we  have 

S,+S„=T  +  T',+T',„ 

that  18,  by  equations  (6),  (9),  (10),  (11),  and  (12), 

i(  A«;  +  B/(<,'  +  Cy:  +  V.p,y,  +  Vy,a,  +  Ga,p^) 
+  i(  A«.'  +  Bfi,'  +  Cy,'  +  Efi,y  +  Vy,a,  +  Ga,fi,) 

=y« + p: + r: + < + /».' + r:) 

+  ^'(A'«.'  +  B'/»,'  +  cy.'  +  E'A.K.  +  FV,«,  +  G'«,/ff,) 
+  ^-y  ( A'<  +  B'/»/  +  cy,"  +  E'/»,^.  +  FV.a,  +  G'«./y.) 

+^^[i4/tf.r,-r,/^,)+>f(r,«,-«,n)+N(«,/*.-/»,«,).   (13) 

If  we  set 

A      27t\'      .      B      2nB' 


v9      ' 


''=rn—^'     '-"'■>  (1*) 


27r       />'    '  27r       j 

«nd  ^=____,_,  (15) 

the  equation  reduces  to 

where  a,  6,  c,  e,/,  ^  are  constant,  and  ip  a  quadratic  function  of 
L,  M,  N,  for  a  given  medium  and  light  of  a  given  period. 

13.  Now  this  equation,  which  expresses  a  relation  between 
the  constants  of  the  equations  of  wave-motion  (1),  will  apply, 
with  those  equations,  not  only  to  such  vibration.s  as  actually 
take  place,  but  also  to  such  as  we  may  imagine  to  take  place 
under  the  influence  of  constraints  determining  the  type  of 
vibration.  The  free  or  unconstrained  vibrations,  with  which 
alone  we  are  concerned,  are  characterized  by  this,  that  infin- 
itesimal  variations  (by    oonstrnint)  of  the  type  of  vibration. 
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that  is,  of  the  ratios  of  the  quantities  aj,  ^„  y^^  a;,  ^»  y^y  will 
not  affect  the  period  by  any  quantity  of  the  same  order  of 
magnitude.*  These  variations  must  however  be  consistent  with 
equations  (4),  which  require  that 

Hence,  to  obtain  the  conditions  which  characterize  free  vibra- 
tion, we  may  differentiate  equation  (16)  with  respect  to  a,,  ^„ 
Tij  ^1  A»  r«)  regarding  all  other  letters  as  constant,  and  give  to 
rfa„  d^„  dy^^  da^^  d^„  dy^j  such  values  as  are  consistent  with 
equations  (17).  Now  da^,  d^„  dy^^  are  independent  of  da„  d^„ 
dy^y  and  for  either  three  variations,  values  proportional  either  to 
Cj,  ^„  y^,  or  to  a,,  ^„  y„  are  possible.  If,  then,  we  differentiate 
equation  (16)  with  respect  to  a„  ^„  y^,  and  substitute  first  a,, 
At  Ti)  ^^d  ^hen  a,,  A,  7',,  for  doi,  rfj9i,  afj^i,  and  also  differentiate 
with  respect  to  a„  ^„  ^'j,  with  similar  substitutions,  we  shall 
obtain  all  the  independent  equations  which  this  principle  will 
yield. 

If  we  differentiate  with  respect  to  ai,  j9i,  y^,  and  write  a,,  ^„ 
yi  for  dai,  dj9i,  d^j,  we  obtain 

+  ^[L(A:K-rA)+M(;.,a-a,;.J  +  N(a./?-A«.)] 
=^(«.'  +  /».'  +  K.')-  (18) 

If  we  differentiate  with  respect  to  o„  /3i,  j-j,  and  write  o^^^h 
for  rfa„  rf^i,  dy^,  we  obtain 

+.<7{«,/», + ^.^J  =-^  (<»-,«•, + A/5, + r.r,)-  (i») 

If  we  dififerentiate  with  respect  to  a^,  /9j,  ;-2,  and  write  Oj,  ^  ;-; 
for  '/og,  rf^j,  c^j-g,  we  obtain 

+^-[Ufi,r-rA)+^Ur,''-",}\)+^i»A-P,»,)] 
=j,«+^:+r,')-  (20) 

The  equation  derived  by  ditlerentiating  with  respect  to  05,  ^ 
7*2,  and  writing  aj,  ^i,  y^  for  (fogi  ^A^  ^^r2'  is  identical  with  (19). 
We  should  also  observe  that  equations  (18)  and  (20)  by  addi- 

*  Compare  j^  1 1  of  tlio  former  pajHT.  pa^e  270  of  this'volume. 
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m  give  equation  (16),  which  therefore  will   not  need  to  be 

nsidered  in  addition  to  the  last  three  equations. 

14.  The  geometrical  signification  of  our  equations  may  now 

I  simplified  by  a  suitable  choice  of  the  position  of  the  origin 
coordinates,  which  is  as  yet  wholly  arbitrary. 

We  shall  hereafter  suppose  that  the  origin  is  placed  in  a 
ane  of  maximum  or  minimum  displacement,*  if  such  there 
e.  In  the  case  of  circular  polarization,  in  which  the  displace- 
ents  are  everywhere  equal,  its  position  is  immaterial.  The 
les  px  and  p^  of  which  a^,  /9i,  Xx  and  a^^  ^21  7%  a^*©  respectively 
e  components,  will  now  be  the  semi-axes  of  the  displace- 
ent-ellipse,  and  therefore  at  right  anglea  (See  §  9.)  The 
se  of  circular  polarization  will  not  constitute  any  exception, 
ence, 

«'/'.+A/^a+r.r,=o.  (21) 

id  by  §  9, 
=L(/J,;K.-r.^,)+M(;/,a.~«'.;K.)+N(a.A-A«'»)=±P,P^(22) 

bere  we*  are  to  read  +  or  —  in  the  last  member  according  as 
e  system  of  displacements  has  the  character  of  a  right-handed 
a  left-handed  screw. 
16.  Equation  (19)  is  now  reduced  to  the  form 

2a«,af,  4-  26/?,/?,  -f  Icy^y^  +  e{^,y^  -f  ;/,/?,) 

+/(r.«5  +  «'ir5)+^(«'iA  +  A«»)=0,     (28) 

bich  has  a  very  simple  geometrical  signification.  If  we  con- 
ler  the  ellipsoid 

oaj"  +  ^'  +  C2'  -h  eyz  -^fsx+gocy^  (24) 

d  especially  its  central  section  by  a  plane  parallel  to  the 
anes  of  the  wave-system  which  we  are  considering,  it  will 
sily  appear  that  the  equation 

2ax,7:^  4-  2hy^y^  +  2c2,2,  -h  e{y,z^  +  2,y,) 

+  /(sj,a-,  -f  x.z^)  +  g(x,y^ + yiX^) = 0 

II  hold  of  any  two  points  x'l,  y^,  24  and  x^,  y^^  z^  which  belong 
conjugate   diameters   of    this   central   section.      Therefore 

uation  (23)  expresses  that  the  displacements  aj,  j9i,  X\  and  02, 
,  X2  are  parallel  to  conjugate  diameters  of  the  central  section 
the  ellipsoid  (24)  by  a  wave-plane.  But  since  the  displace- 
ents  ai,  /9i,  X\  ^^^  «27  Z^^,  x%  ^^^  ^'^o  at  right  angles  to  each 
her,  it  follows  that  they  are  parallel  to  the  axes  of  the  cen- 
al  section  of  the  ellipsoid  (24)  by  a  wave-plane.     That  is: — 

♦  The  reader  will  perceive  that  an  earlier  limitation  of  the  position  of  the  ori- 
1  by  a  supposition  of  this  nature,  involving  a  limitation  of  the  values  of  Oj,  /?i, 
<Z9.  p7^  7s7  would  have  been  embarrassing  in  the  operations  of  the  last  para- 
%ph. 
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The  axes  of  the  displacement-ellipse  coincide  in  direction  with 
those  of  a  central  section  of  the  ellipsoid  (24)  by  a  wave-plane 

16.  If  we  write  Ui,  U2  for  the  reciprocals  of  the  semi-axes  of 
the  central  section  of  the  ellipsoid  (24)  by  a  wave-plane,  U, 
being  the  reciprocal  of  the  one  to  which  the  displacement  a,, 
A»  Ti  ^s  parallel,  we  have 

as  is  at  once  evident,  if  we  substitute  the  coordinates  of  an 
extremity  of  the  axis,  for  the  proportional  quantities  Oj,  ^,, ;',. 
So  also 

If  we  write  V  for  the  velocity  of  propagation  of  the  system 
of  progressive  waves  corresponding  to  the  system  of  stationary 
waves  which  we  have  been  considering,  we  shall  have 

V=i.  (27) 

By  equations  (22),  (25),  and  (26),  equations  (18)  and  (20)  are 
reduced  to  the  form 

where  we  are  to  read  +  or  —  according  as  the  disturbance  has 
the  character  of  a  right-handed  or  a  left-handed  screw.  lu  a 
progressive  system  of  waves,  when  the  combination  of  displace- 
ments has  the  character  of  a  right-handed  screw,  the  rotations 
will  be  such  as  appear  clock-wise  to  the  observer,  who  looks  in 
the  direction  opposite  to  that  of  the  propagation  of  light  We 
shall  call  such  a  ray  right-handed. 

We  may  here  observe  that  in  case  ^=0  the  solution  of  these 
equations  is  very  simple.  We  have  necessarily  either  /)j=0 
and  V'*=Ui^  or  /Oi=0  and  V"'^=U2^  In  this  case,  the  light  is 
linearly  polarized,  and  the  directions  of  oscillation  and  the 
velocities  of  propagation  are  given  by  Fresnel's  law.  Experi- 
ment has  shown  that  this  is  the  usual  case.  We  wish,  however, 
to  investigate  the  case  in  which  (p  does  not  vanish.  Since  the 
term  containing  ip  arises  from  the  consideration  of  those 
quantities  which  it  was  allowable  to  neglect  in  the  first 
approximation,  we  may  assume  that  ip  is  always  very  small  in 
comparison  with  V^,  \i^^  or  1X2^ 

17.  Equations  (28)  may  be  written 

V'-lV=±^  '-,     V'-lV=±g  ei.  (29) 
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By  multiplication  we  obtain 

V(V»-U,')  (V»-U,»)  =  9>'.  (30) 

Since  ^  is  a  very  small  quantity,  it  is  evident  from  inspection 
of  this  equation  that  it  will  admit  three  values  of  V^,  of  which 
one  will  be  a  very  little  greater  than  the  greater  of  the  two 
quantities  Ui'  and  U2^  another  will  be  a  very  little  less  than 
the  less  of  the  same  two  quantities,  and  the  third  will  be  a  very 
small  quantity.  It  is  evident  that  the  values  of  V  with  whicn 
we  have  to  do  are  those  which  differ  but  little  from  Uj^  and 

For  the  numerical  computation  of  V,  when  Ui,  U2,  and  <p 
are  known  numerically,  we  may  divide  the  equation  by  V% 
and  then  solve  it  as  if  the  second  member  were  known.  This 
will  give 

By  substituting  UiUa  for  V^  in  the  second  member,  we  may- 
obtain  a  close  approximation  to  the  two  values  of  V'*.  Each 
of  the  values  obtained  may  be  improved  by  substitution  of  that 
value  for  V*  in  the  second  member  of  the  equation. 

For  either  value  of  V,  we  may  easily  find  the  ratio  of  p^  to 
/>2,  that  is,  the  ratio  of  the  axes  of  the  displacement-ellipse, 
from  one  of  equations  (29),  or  from  the  equation  * 

obtained  by  combining  the  two. 

In  equations  (29),  we  are  to  read  -f-  or  —  in  the  second 
members,  according  as  the  ray  is  right-handed  or  left-handed. 
(See  §  16.)  It  follows  that  if  the  value  of  w  is  positive,  the 
greater  velocity  will  belong  to  a  right-hanaed  ray,  and  the 
smaller  to  a  left-handed,  but  if  the  value  of  ip  is  negative, 
the  opposite  is  the  case.  Except  when  ^  =  0,  and  the  polari- 
zation is  linear,  there  will  be  one  right-handed  and  one  left- 
handed  ray  for  any  given  wave-normal  and  period. 

18.  When  Ui  =  U2,  equations  (29)  give 

♦We  should  not  attribute  any  physical  significance  to  the  third  value  of  V*. 
For  this  value  would  imply  a  wave-lenpth  very  small  in  comparison  with  the 
length  of  ordinary  waves  of  light,  and  with  respect  to  which  our  fundamental 
assuropiion  that  the  wave-length  is  very  great  in  comparison  with  the  distances  of 
contiguous  molecules  would  he  entirely  false.  Our  analysis,  therefore,  furnishes 
DO  reason  for  supposing  that  any  such  velocities  are  possible  for  the  propagation  of 
electrical  disturbances. 
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where  IT  represents  the  common  value  of  Ui  and  U,.  The 
polarization  is  therefore  circular.  The  converse  is  also  evident 
from  equations  (29),  viz :  that  a  ray  can  be  circularly  polarized 
only  wnen  the  direction  of  its  wave-normal  is  such  that 
Ui  =  Ug.  Such  a  direction,  which  is  determined  by  a  circular 
section  of  the  ellipsoid  (24)  precisely  as  an  optic  axis  of  a  crys- 
tal which  conforms  to  FresnePs  law  of  double  refraction,  may 
be  called  an  optic  axis,  although  its  physical  properties  are  not 
the  same  as  in  the  more  ordinary  case.*  If  we  write  Vg  and 
Vl,  respectively,  for  the  wave-velocities  of  the  right-handed  and 
left-handed  rays,  we  have 

Vr'=U'+#,     V,'=U*-^;  (33) 


whence 


and 


v.'-v..=^(J--h1)=^ 


Vr  +  Vl 


V„-V,=  ;^.  (84) 

'^  R  '  L 

The  phenomenon  best  observed  with  respect  to  an  optic  axis 
is  the  rotation  of  the  plane  of  linearly  polarized  light.  If  we 
denote  by  0  the  amount  of  this  rotation  per  unit  of  the  distance 
traversed  by  the  wave-plane,  regarding  it  as  positive  when  it 
appears  clock-wise  to  the  observer,  who  looks  in  the  direction 
opposite  to  that  of  the  propagation  of  the  light,f  we  have 

By  the  preceding  equation,  this  reduces  to 

*  Our  exi)eriTnontal  kiiowl(^dge  of  circularly  or  elliptically  polarizing  media  i* 

conlined  to  such  as  are  optically  either  isotropic  or  uniaxial.     The  general  theorv 

of  such  media,  cnihracing  the  case  of  two  optic  axes,  has  however  been  discusA-d 

by  Professor  von  Lan^.     (Theitrit^  de.r  Circularpolariziition,  Siiz.-Ber.  Wiener  A  bd- 

vol.  Ixxv,  p.  719.)     The  general  results  of  the  i)resent  paper,  although  derived 

from  physical  Iiypothescs  of  an  entirely  different  luiturc.  are  quite  similar  to  thos* 

of  the  memoir  cited.     They  would  becoiue  identical,  the  writer  believe??,  by  the 

p<!>      0 
substitution  of  a  constant  for     —or— in  the  equations  of  this  paj>er.     [Seee?- 

peciully  equations  (is).  (2(>),  (28).J 

That  a  complete  discuss?i<m  of  tlic  subject  on  any  theory  nuist  include  tlio  ca-^' 
of  biaxial  media  having  the  property  of  circular  or  elliptical  polarization,  is  evi- 
dent from  tlic  consideration  that  it  muvt  at  least  be  possible  to  produce  example- 
of  such  media  artificially.  An  i.sotropic  or  uniaxial  cryst^il  may  be  made  biaiiiil 
by  l>reasure.  If  it  has  the  property  of  circular  and  elliptic  polarization,  that  pro 
"  cannot  be  wholly  destroyed  by  the  application  of  .small  pressures. 

'hen  the  rotation  of  the  piano  of  polarization  appears  clock-wise  to  the  ob- 
',  it  has  the  character  of  a  lejt-hamlfd  screw.     Hut  the  circularly  poljiriied 
which  Vr  relates,  the  rotati(m  of  which  ahsj  appears  clock-\vise  to  the  i-l)- 
,  has  the  character  of  a  riijht-hunded  screw. 
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it  any  appreciable   error,    we   may   substitute   U*   for 
;,',  which  will  give* 

Since  these  equations  involve  unknown  functions  of  the 
they  will  not  serve  for  an  exact  determination  of  the 
a  between  d  and  the  period.  For  a  rough  approxima- 
Dwever,  we  may  assume  that  the  manner  in  which  the 
I  displacement  in  any  small  part  of  the  medium  dis- 
s  itself  among  the  molecules  and  intermolecular  spaces 
pendent  of  the  period,  being  determined  entirely  by  the 
of  f ,  iy,  ^,  and  their  diflferential  coefficients  with  respect 
coordinate8.f  For  a  fixed  direction  of  the  wave-normal, 
0^  will  then  be  constant      Now  equations  (15)  and  (36) 

2p^y^^y^  yvn^v,'  ^^®> 

press  this  result  in  terms  of  the  quantities  directly  ob- 
,  we  may  use  the  equations 

k  denotes  the  velocity  of  li^ht  in  vacuo,  X  the  wave- 
in  vacuo  of  the  light  employed,  n^,  w^  the  absolute  indi- 
refraction  of  the  two  rays,  and  n  the  index  for  the  optic 

derived  from  the  ellipsoid  (24)  by  Fresnel's  law.  We 
3tain 

(^V^l'     27T*^'n^'nj^' 

^=-Wk^ x^ (^^) 

case  of  uniaxial  crystals,  the  direction  of  the  optic  axis 
1.     We  may  therefore  write 

<'=V»l'(^+^'),  (40) 

ing  K  and  K'  as  constants.  If  we  had  used  equation 
7Q  should   have    had   the   factor  n*    instead  of   n^n^, 

degree  of  accuracy  of  this  substitution  may  be  shown  as  follows.    By 

V.  (V.  «-U«)=V,  (U«- V.  «), 

V.«-V.V«.  +V.«=U^ 
V„V,=U«-(V.-V,)«. 
pare  §  12  of  the  former  paper,  on  page  270  of  this  volume. 
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Since  this  factor  varies  but  slowly  with  X^  it  may  be  neglected^ 
if  its  omission  is  compensated  in  the  values  of  K  and  K'.  Tbe 
formula  being  only  approximative,  such  a  simplitication  will 
not  necessarily  render  it  less  accurate. 

20.  But  without  any  such  assumption  as  that  contained  in 
the  last  paragraph,  we  may  easily  obtain  formulae  for  the  ex- 
perimental determination  of  0  and  4^  for  the  optic  axis  of  an 
uniaxial  crystal.  Considerations  analogous  to  those  of  §  13 
of  the  former  paper  (page  271  of  this  volume),  show  that  in 
differentiating  equation  (39)  we  may  regard  0  and  0^  as  con- 
stant, although  they  may  actually  vary  with  X,  This  equation 
may  be  written 

OX"      0      2t'<^^ 


Therefore, 


Kr-) 


When  (P'  has  been  deterniined  by  this  equation,  0  may  be 
found  from  the  preceding. 

21.  If  "we  wish  to  represent  <p  geometrically,  like  Ui  and  Uj, 
we  may  construct  the  surfaces 

Aa;*  -h  By'  +  cz'  +  Eya;  -h  vzx  +  Gjcy = ±  1 ,  (43) 

the  coefficients  A,  B,  etc.,  being  the  same  by  which  (p  is  ex- 
pressed in  terms  of  L^  AP,  etc.  The  numerical  value  off,  for 
any  direction  of  the  wave-normal,  will  thus  be  represented  by 
the  square  of  the  reciprocal  of  the  radius  vector  of  the  surface 
drawn  in  the  same  direction.  The  positive  or  negative  charac- 
ter of  <p  must  be  separately  indicated.  There  are  here  two 
cases  to  be  distinguished.  If  the  sign  of  <p  is  the  same  in  all 
directions,  the  surface  will  be  an  ellipse,  and  we  have  only  to 
know  whether  all  the  values  of  (p  are  to  be  taken  positively  or 
all  negatively.  But  if  <p  is  positive  for  some  directions  and 
negative  for  others,  the  surface  will  consist  of  two  conjugate 
hvperboloids,  to  one  of  which  the  positive,  and  to  the  other  the 
nejxative  values  belong. 

22.  The  manner  in  which  the  ellipsoid  (24)  may  be  par- 
tially determined  by  the  relations  of  symmetry  which  the 
medium  may  possess,  has  been  sufficiently  discussed  in  the  for- 
mer paper. 

With  respect  to  the  quantity  ^,  and  the  surfaces  which 
determine  it,  the  following  principle  is  of  fundamental  import- 
ance. If  one  body  is  identical  in  its  internal  structure  with 
the  image   by  reflection  of  another,  the  values  of  y>  in  corres- 
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Eonding  lines  in  the  two  bodies  will  be  numerically  equal  but 
ave  opposite  signs.* 
It  follows  that  if  a  body  is  identical  in  internal  structure 
with  its  own  image  by  reflection,  the  value  of  (p  (if  not  zero  for 
all  directions)  must  be  positive  for  some  directions  and  nega- 
tive for  others.  Moreover,  the  above  described  surfiace  by 
which  ip  is  represented  must  consist  of  two  conjugate  hyperbo- 
loids,  of  which  one  is  identical  in  form  with  the  image  by 
reflection  of  the  other.  This  requires  that  the  hyperboloids 
shall  be  right  cylinders  with  conjugate  rectangular  hyperbo- 
las for  bases.  A  crystal  characterized  by  such  properties 
will  belong  to  the  tetragonal  system.  Since  ^=0  for  the 
optic  axis,  it  would  be  difficult  to  distinguish  a  case  of  this 
kind  from  an  ordinary  uniaxial  crystal,  unless  the  ellipsoid  (24) 
should  approach  very  closely  to  a  sphercf 

It  is  only  in  the  very  limited  case  described  in  the  last  para- 
graph that  a  medium  which  is  identical  in  its  internal  struct- 
ure with  its  image  by  reflection  can  have  the  property  of  cir- 
cular or  elliptic  polarization.  To  media  which  are  unlike  their 
images  by  reflection,  and  have  the  property  of  circular  polariza- 
tion, we  may  apply  the  following  general  principles. 

If  the  medium  has  any  axis  of  sy»nmetry,  the  ellipsoid  or 
hyperboloids  which  represent  the  values  of  ip  will  have  an  axis 
in  the  same  direction.  If  the  medium  after  a  revolution  of 
less  than  180°  about  any  axis  is  equivalent  to  the  medium  in 
its  first  position,  the  ellipsoid  or  hyperboloids  will  have  an 
axis  of  revolution  in  that  direction. 

23.  The  laws  of  the  propagation  of  light  in  plane  waves, 
which  have  thus  been  derived  from  the  single  hypothesis  that 
the  disturbance  by  which  light  is  transmitted  consists  of  solen- 
oidal  electrical  fluxes,  and  which  apply  to  light  of  difierent 
colors  and  to  the  most  general  case  of  perfectly  transparent 
and  sensibly  homogeneous  media  not  subject  to  magnetic 
action,:^  are  essentially  those  which  are  generally  received  as 

•  The  necessity  of  the  opposite  signs  will  perhaps  appear  most  readily  from 
Uie  consideration  that  the  cUrection  of  rotation  of  the  plane  of  polarization  must 
be  opposite  in  the  two  bodies. 

t  There  is  no  difficulty  in  conceiving  of  the  constitution  of  a  body  which  would 
have  the  properties  described  above.  Thus,  we  may  imagine  a  body  with  mole- 
cules of  a  spiral  form,  of  which  one-half  are  right-handed  and  one-half  left- 
handed,  and  we  may  suppose  that  ttie  motion  of  electricity  is  opposed  by  a  less 
resistance  within  them  than  without.  If  the  axes  of  the  right-handed  molecules 
are  p;«rallel  to  the  axis  of  X,  and  those  of  the  left-handed  molecules  to  the  axis  of 
Y,  their  effects  would  counterbalance  one  another  when  the  wave-normal  is  par- 
allel to  the  axis  of  Z.  But  when  the  wave-normal  (of  a  beam  of  linearly  polar- 
ized light),  is  parallel  to  the  axis  of  X,  the  left-handed  molecules  would  produce  a 
left-hfmded  (negative)  rotation  of  the  plane  of  polarization,  the  right-handed  mole- 
-ealm  haTing  no  effect;  and  when  the  wave-normal  is  parallel  to  the  axis  of  Y,  the 
■wwrae  would  be  the  case. 

t  The  rotation  of  the  plane  of  polarization  which  is  produced  by  magnetic 
— nott haabeen diflcnssed  by  Maxwell  {Treatise  on  Electricity  and  Magnetism,  vol. 
t.  TXS),  and  by  Rowland  (Amer.  Journ.  Math.,  vol.  iii.  p.  107). 
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embodying  the  results  of  experiment  In  no  particular,  so  far 
as  the  writer  is  aware,  do  they  conflict  with  the  results  of  ex- 
periment, or  require  the  aid  of  auxiliary  and  forced  hypotheses 
to  bring  them  into  harmony  therewith. 

In  this  respect,  the  electromagnetic  theory  of  light  stands  in 
marked  contrast  with  that  theory  in  which  the  properties  of  an 
elastic  solid  are  attributed  to  the  ether, — a  contrast  which  was 
very  distinct  in  Maxwell's  derivation  of  Fresnel's  laws  from 
electrical  principles,  but  becomes  more  striking  as  we  follow 
the  subject  farther  into  its  details,  and  take  account  of  tbe 
want  of  absolute  homogeneity  in  the  medium,  so  as  to  embrace 
the  phenomena  of  the  dispersion  of  colors  and  circular  and 
elliptical  polarization. 


Art.  LV.  —  New  PhyUopod  Crustaceans  from  the  Devonian  of 
Western  New  York ;  by  John  M.  Clarke,  Smith  College. 
With  a  Plate  (unnumbered.) 

Estheria  pxdex^  n.  sp.     Plate,  fig,  4. 

In  examining  some  fragments  of  soft,  olive-colored  shale 
from  near  the  base  of  the  Hamilton  proper,  in  Miles'  Gullj, 
Hopewell,  Ontario  Co.,  I  have  detected  the  above  representa- 
tive of  this  extremely  interesting  genus.  The  little  carapaces 
are  never  more  than  |™™  in  width  and  i""*  in  length,  and  may 
be  described  as  having  the  ventral  margin  nearly  semi-circularj 
the  beak  central  or  very  slightly  anterior,  hinge  line  sloping 
laterally.  The  surface  is  marked  by  six,  or  in  the  largest 
seven,  concentric  ridges  which  are  very  broad  with  narrow  in- 
tervening furrows.  There  appears  to  be  no  more  elaborate 
sculpturing  of  the  carapaces  than  Jones  has  figured  for  his 
species  E.  viembranacea^  which  is  the  simplest  of  any  as  vet 
noticed. 

It  is  interesting  to  notice  that  this  Esther la^  the  first  ever 
found  below  the  Trias  in  America  and  nowhere  at  so  low  an 
horizon  as  this,  resembles  in  its  sub-central  beak,  its  outline 
and  surface  markings,  this  species  just  referred  to,  E.  mm- 
branacea  Jones,  from  the  Old  Hed  of  Caithness,  while  all  others 
figured  bv  that  author  (Moii.  Esth.  Paleontogr.  Soc,  vol.  xviii) 
are  from  higher  horizons,  have  the  beak  anterior,  and  the  out- 
line of  the  carapace  more  nearly  sub-trigonal. 

All  recent  EsUierue  are  found  in  fresh,  or,  in  possible  cases, 
brackish  waters.  In  some  general  remarks  in  this  connection 
Jones  ha9  said  that  *' seeing  that  EsiJterke  appear  in  pools  and 
ditches  of  rain-water,  it  is  not  unlikely  that  pools  of  fresh  water 
temporarily  formed  on  a  flat  sea-shore  may  have  been  inhabited 
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by  JSsthericB,  destined  to  be  quickly  buried  in  the  first  wind- 
drift  of  sand  on  the  return  of  high  tide."  We  can  not  prove 
from  this  species,  E.  pulex^  the  presence  of  fresh-water  deposits 
in  the  Hamilton,  but  the  evidence  is  fairly  in  favor  of  brackish 
water  pools,  guarded  from  the  action  of  the  waves  of  the  open 
ocean  and  depositing  a  smooth  muddy  bottom.  Associated  with 
these  clannish  little  fellows  are  undescribed  species  of  Beyrichia^ 
Leperditia^  Entomis,  with  a  species  of  Diadna  not  identified, 
and  this  association,  omitting  the  Discina^  is  not  an  impossible 
one  for  such  a  brackish  water  pond.  Even  the  Discina  itself 
is  not  a  serious  objection  to  it,  as  I  have  found  but  a  single 
example,  which  may  have  been  washed  in  either  as  a  dead  shell, 
or  as  a  live  one,  and  if  the  latter,  may  have  soon  yielded  to  its 
unfavorable  environment  and  died,  or  have  adapted  itself  to 
the  change  and  have  lived  on  in  an  abnormal  condition,  as  tliis 
specimen  seems  to  prove. 

SpathiocariSy  n.  g.     {ffndSrj^^?^  spathe.)     Plate,  figs.  1,  2,  3. 

Carapace  in  one  piece  (?),  oblong- elliptical ;  dimensions  when 
normal,  length  :  width  1 1  3  :  2.  Anterior  and  posterior  mar- 
ginal curvature  of  the  same  value  except  near  the  sides  of  the 
fissure  on  the  posterior  extremity  where  for  a  short  distance 
the  online  becomes  rectilinear.  The  central  portion  of  the 
carapace  elevated,  the  apical  point  being  nearly  a  focus  of  the 
ellipse,  and  from  this  point  starts  a  cleft  extending  backward 
ana  regularly  widening  to  the  posterior  margin.  No  evidence 
of  dorsal  suture  except  in  the  fact  that  when  flattened  laterally, 
as  many  specimens  are,  the  line  of  folding  is  usually  straiglit 
from  apex  to  anterior  margin,  but  there  is  no  external  mark  of 
a  commissure  in  the  ornamentation  lines  on  the  surface.  It 
has  for  several  years  been  a  matter  of  some  doubt  to  myself, 
whether  this  fossil  should  be  looked  upon  as  crustacean,  which 
I  now  believe  it  to  be,  or  some  new  form  of  Discinoid  brachio- 
pod  which  it  very  closely  resembles,  but  my  reasons  for  believ- 
ing it  the  former  lie  in  the  fact  that  while  I  have  in  my  posses- 
sion thirty  specimens,  all  that  have  as  yet  been  found  and  all 
from  a  layer  only  a  few  inches  in  thickness,  they  show  a  great 
variation  in  size  from  a  length  of  four  to  sixty  millimeters,  a 
fragment  of  an  unusually  large  individual  showing  a  probable 
length  of  even  eighty  or  ninety  millimeters,  which  is  not  a  fact 
to  expect  from  the  Discinoid  brachiopods;  and,  moreover,  every 
specimen  that  is  well  preserved  shows  the  cleft  in  the  carapace, 
so  that  among  them  all  there  is  no  evidence  of  the  ventral  or 
non-fissured  valve  which  we  should  expect  to  find  if  the  animal 
had  been  brachiopodous.  The  genus  Discinocaris  described  by 
Woodward  from  the  Moffat  shales  of  Dumfriesshire  (Quart. 
Jour.   Geol.  Soc.,  vol.  xxii),   agrees  with   SpathiocarU  in  the 
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anchylosis  of  the  lateral  valves  and  its  wide,  wedge-shaped 
cleft,  but  diflfers  in  the  presence  of  the  "rostrum"  or  plate 
acting  as  another  valve  to  cover  the  cleft,  and  also  in  its  more 
nearly  circular  outline. 

The  ornamentation  of  the  surface  of  the  carapace  in  this 
species,  S.  Emersomi^  n.  sp.,  consists  of  low  concentric  ridges 
which  never  lose  their  continuity,  but  contiguous  ridges  are 
more  closely  appressed  on  the  sides  than  at  the  extremities 
of  the  valves.  At  the  edges  of  the  cleft  these  lines  show  a 
tendency  to  a  retral  bending. 

Radiating  lines  from  the  apex  of  the  cleft  to  the  margin 
cover  the  anterior  portion  of  the  carapace  and  give  to  this  part 
a  strong  decussate  sculpturing  which  is  rarely  noticeable  along 
the  margins  of  the  cleft  I  am  not  satisfied  that  I  have  seen 
the  abdominal  arthromeres  of  this  species,  though  it  will  be 
only  a  matter  of  time  for  their  detection. 

The  geological  horizon  in  which  this  occurs,  the  Portage,  is 
usually  regarded  as  barren  of  fossils  in  New  York,  but  is  snow- 
ing under  careful  scrutiny  many  facts  of  paleontological  inter- 
est and  bids  fairly  especially  in  the  direction  of  the  phyllopod 
Crustacea. 

From  Naples,  Ontario  Co.,  N.  Y. 

Fig.  1 .  Spaihioccris  Emersonii^  shows  the  carapace  free  from  compression  but 
with  an  unusually  central  apex. — Fig.  2.  The  same,  young. — Fig.  3.  The  same, 
showing  by  lateral  compression  the  usual  position  of  the  apex  and  length  of  the 
abdominal  cleft,  as  well  as  the  i)osition  of  the  possible  dorsal  suture. 

LisgocariSy  n.  g.  (A./<y;/o?=a  shovel.) 

Carapace  in  one  piece,  without  evidence  of  dorsal  sutura 
Periphery  sub-pentugonal,  lateral  edges  parallel,  making  sharp 
angles  with  the  two  anterior  edges.  Anterior  edges  re-entrantly 
curved  and  meeting  in  the  axis  of  the  carapace.  As  in  the 
gQx\w9,  Spathiocaris^  there  is  an  abdominal  cleft  beginning  cen- 
trally and  at  the  highest  point  of  the  carapace,  which  is  con- 
siderably elevated,  and  widening  to  the  posterior  margin. 

This  species,  L,  Lutheri,  has  the  surface  of  the  carapace  con- 
centrically marked  with  fine,  crowded,  impressed  lines.  No 
evidence  of  abdominal  arthromeres.  This  is  a  very  delicate 
form  measuring  three  by  two  millimeters,  which  has  been 
found  near  the  base  of  the  Hamilton  proper  in  the  same  horizon 
as  Ksilieria  paler.  It  belongs  to  the  npus  type  of  the  phyllopods 
with  PeJtocaris  Salter,  Disdnocaris  Woodward,  and  SpaOiiocarit, 
Northampton,  Mass. 
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r.  LVL — An  Organ- Pipe  Sonometer ;  by  W.  LeConte 

Stevens.* 

31LE  using  the  sonometer  in  illustrating  the  laws  of  vibra- 
»f  stretched  cords  and  the  nature  of  musical  scales,  it  has 
found  desirable  to  have  an  instrument  on  which  division- 
3  were  properly  arranged  to  furnish  the  operator  the  means 
ntrasting  the  scale  of  equal  temperament  with  the  true 
al  scale,  and  thus  showing  to  some  extent  the  error  of  the 
ary  keyed  instruments.  In  demonstrating  the  laws  of  vi- 
)n  of  columns  of  air,  moreover,  it  is  not  always  easy  to 
1  the  successive  notes  of  the  harmonic  series  from  a  single 
If  the  fundamental  is  pure  and  strong,  either  the  upper 
onics  are  unattainable  or  several  are  attained  at  the  same 
mt,  and  the  untrained  ear  fails  to  single  out  the  one  to 
)  attention  is  invited.  If  a  single  standard  of  pitch  be 
at  hand  for  comparison,  the  auditor  must  be  practiced  in 
ating  musical  intervals;  hence  a  tuning  fork  alone  is  not 
lent  for  most  persons.  It  occurred  to  me  that  the  union 
lometer  with  organ  pipe  in  a  single  instrument  would  be 
ied  with  some  advantages,  particularly  in  connection  with 
jchibition  of  Bernoulli's  laws.  The  following  device  has 
found  very  satisfactory. 

e  resonance-box  consists  of  a  double  organ  pipe  of  spruce, 
1  is  rested  horizontall  v  on  the  lecture  table.  The  two  em- 
lures  are  on  opposite  sides,  one  being  turned  toward  the 
tor,  as  in  fig.  1.  The  air-blast,  from  either  the  lungs  or  a 
)f  bellows,  may  be  forced  into  either  one  or  both  pipes  at 
hrough  gum  tubes.  The  interior  dimensions  of  each  pipe 
{mm  \^y  g2«Mft,  while  the  length  is  adjusted  to  give  as  fund- 
tal  note,  C,  182  vibrations  per  second.  At  the  open  end 
e  pipe  is  a  sliding  plate  (a)  by  which  it  may  be  thrown 
I  unison  with  the  other,  thus  producing  beats.  A  stop 
be  thrust,  by  means  of  its  handle,  half  way  into  one  of 
air,  converting  it  at  will  into  a  stopped  pipe  whose  funda- 
il  is  the  same  as  that  of  the  open  pipe  of  double  its 
b. 

e  upper  wall  consists  of  a  single  plate  of  spruce,  5°*°*  thick, 
brms  the  sound-board  of  the  sonometer.  Firmlv  fixed  at 
3nd  is  a  block  of  hard  wood  (6,  b')  into  which  piano  pins 
•iven  for  the  attachment  of  three  steel  wires  which  pass 
he  fixed  bridges  (c,  c/).  The  latter  are  exactly  1™  apart,  in 
H  with  the  ends  of  a  strip  of  wood  divided  at  each  edge 
millimeters,  and  occupying  the  middle  of  the  sound-board, 
strip  not  only  serves  as  a  guide  for  the  movable  bridges 
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•d.  (Ti  bat  makes  it  easj  to  mark  off  the  division  lines  at  tb^r 
proper  places.  A  longitudinal  line  divides  its  surface  into  two 
equal  parte :  that  oa  the  side  toward  the  operator  ia  marked  of 
so  as  to  give  cord-lengths  for  the  natural  scale,  by  changing  the 

:V^.  :  •  ;.  ■  ,  ■■  :■:■■  i^LUiials.  The  results  ;irf  indicated, 
OJrre,.;  Vo  :u:i=.  y'.^...:^  yii  ilie  inilliiiicter  scale.  Three  octaves 
iu  SQCoes^on  &re  ibua  marlied  uti';  the  lines  for  the  lirst  octav» 


(•\ti'iidiii}r  across  to  the  edge  of  the  aound-boan:!,  as  in  fig.  "2. 
whii'Ii  n-presents  a  part  of  the  instminent  viewed  from  above 
Hv  niiiltiplviiig  each  of  tliese  lengths  successively  by  ff|  anJ 
1]|!!  we  iibUiiii  cord-lengths  for  the  chromatic  intervals  of  ihe 
iiiitiiral  stMiIo.  Tliese  are  marked  off  for  two  octaves,  the  lines 
t'Xlt'iuliiif^  half  way  to  the  edge.  The  other  aide  of  the  central 
nirip  If  e',  tig.  '2)  is  marked  off  to  give  cord-lengths  for  the  sac- 
ctfiMivo  Ht'initi'tie  intervals  of  the  scale  of  equal  temperament 

ihtWKiin^  I'lisilv  calculated  with  the  aid  of  a  table  of  logarithm?; 
if  itiniw  ihc  twelve  intervals  of  this  scale  are  equal,  the  succes- 
hri)  vihruiioiiuiinibera  fonn  a  geometric  series,  in  which  the 
■iiinoii  riilio  is 
r  r='^2  =  1-05946. 

liti  rorii.riiciil  of  this  is  the  ratio  for  cord-lengths,  and  is 
/  =  -94388. 
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Thus,  the  cord-length  for  C  being  one  meter,  we  have  for  C#^ 
i=944°*";  for  D,  Z=891™™,  etc.  Two  octaves  are  thus  marked 
off  for  the  scale  of  equal  temperament,  with  twelve  division- 
lines  to  the  octave,  while  on  the  other  side  are  twenty-one  to 
the  octave. 

Of  the  three  wires,  the  two  outer  ones  are  kept  permanently 
unisonant,  or  as  nearly  so  as  possible,  sounding  the  same  note, 
C,  as  the  fundamental  of  the  organ-pipes.  That  in  the  middle 
terminates  at  the  left  in  a  stiff  ring,  so  as  to  be  detached  in  a 
moment  from  the  hook  against  which  it  is  ordinarily  kept 
pulled.  The  ring  may  then  be  attached  in  like  manner  to  a 
bent  lever,  such  as  is  employed  with  the  sonometers  constructed 
by  Mr.  Bitchie,  to  show  the  law  of  variation  in  tension. 

Since  the  tension  of  the  outer  wires  is  kept  constant,  each 
division-mark  in  both  natural  and  tempered  scales,  is  distinctly 
labeled,  as  shown  in  fig.  2.  The  movable  bridges  are  black  at 
the  front  edges  so  as  to  contrast  strongly  with  the  white  spruce 
on  which  they  slide.  Suppose  the  bridge  d'  to  be  adjusted  so 
that  its  wire  sounds  E  of  the  natural  scale,  while  its  companion, 
d,  is  adjusted  to  give  E  of  the  tempered  scale.  The  difference 
in  pitch  is  nearly  a  comma,  and  can  be  detected  by  a  good  ear. 
But  this  is  additionally  made  visible  by  turning  the  sonometer 
toward  the  audience,  and  resting  it  on  its  narrow  side ;  the  dif- 
ference in  position  of  the  bridges  being  easily  detectible  even 
^  when  the  ear  fails  to  distinguish  between  the  two  sounds.  Ev- 
ery note  in  the  two  scales  can  thus  be  compared  in  a  few  mo- 
ments, starting  with  C  as  key  note. 

The  necessity  for  temperament,  and  yet  the  unavoidable 
error  of  a  tempered  scale,  is  still  better  shown  by  taking  some 
derived  key  for  purposes  of  comparison  ;  for  example,  that  of 
G.  For  this  purpose  a  separate  strip  (//',  fig.  2),  properly 
marked  off,  is  placed  at  the  side  of  the  central  strip,  the  mov- 
able bridge  being  grooved  below  to  slide  over  it.  It  is  pre- 
pared by  marking  a  strip  whose  length  is  f  meter  at  distances 
"I?  ■!>  »  >  t  »  )  J  i»  ft"<i  ^^^^  discarding  the  unmarked  half.  Plac- 
ing the  initial  extremity  of  this  scale  in  contact  with  the  divis- 
ion-mark G  of  the  tempered  scale,  which  in  this  case  sensibly 
coincides  with  that  of  G  on  the  natural  scale,  it  is  seen  that  the 
second  note,  if  correctly  tuned,  would  be  a  trifle  higher  than 
tempered  A,  and  decidedly  higher  than  natural  A  ;  the  third 
would  be  lower  than  tempered  B,  and  unisonant  with  natural 
B ;  the  fourth  unisonant  with  C,  both  tempered  and  natural, 
etc  Such  a  strip  can  be  constructed  for  each  one  of  the  de- 
rived keys  employed  in  music,  though  the  principle  is  suf- 
ficiently shown  with  but  one. 

The  division-marks  |-,  ^,  ;J-,  \^  ^,  etc.,  each  labeled  with  the 
Dame  of  the  correspondmg  note,  C,  G',  C",  E",  G'',  etc.,  as  well 


482  Scientific  Intelligence. 

as  with  the  figures  composing  the  fraction,  render  it  easy  to 
obtain  with  quickness  and  accuracy  the  first  ten  or  twelve  notes 
of  the  harmonic  series,  besides  facilitating  experiments  on  co- 
vibration. 

To  obtain  the  harmonic  series  from  the  open  organ-pipe,  it  is 
found  convenient  to  modify  the  size  of  the  embouchure  and 
the  diameter  of  the  pipe.  For  this  last  purpose  a  piece  of 
wood,  120^°"  long,  6^"  wide,  and  2*""  thick,  is  ihrust  into  the 
pipe  next  the  operator,  thus  practically  diminishing  the  volume 
of  air  set  in  motion,  and  increasing  the  ratio  of  length  to  width. 
A  sliding  plate  {g^  fig.  1,)  of  thin  sheet-iron  serves  to  narrow 
the  embouchure  at  will.  By  varying  the  force  of  the  blast 
from  the  lungs  eight  or  ten  successive  notes  of  the  harmonic 
series  are  thus  secured  and  compared  at  the  same  time  with 
those  obtained  by  aid  of  the  wire  and  labeled  scale.  The  stop 
can  then  be  thrust  into  one  pipe,  and  several  of  the  odd  series 
of  harmonics  elicited. 

The  wall  of  the  pipe  next  the  operator  is  perforated  with 
three  small  holes,  at  distances  J,  \,  f,  from  the  open  end. 
These  are  kept  slopped  with  plugs,  which  may  be  removed  at 
will.  Immediately  around  them  the  wall  is  covered  with  sheet 
rubber  (A,  h\  to  secure  an  air-tight  fit  for  the  funnel  (i)  from 
which  a  tube  {I)  conveys  waves  to  a  manometric  capsule.  The 
position  of  nodal  points  in  the  air-column  is  thus  shown.  By 
fitting  the  tube  (Z)  upon  a  Y-tube  like  that  shown  at  (m),  and 
interposing  between  this  and  another  Y-tube  a  pair  of  rubber 
tubes,  one  of  which  is  longer  than  the  other  by  a  half  wave- 
length, the  apparatus  can  be  utilized  for  illustrating  interference, 
with  the  aid  of  the  manometric  flama 

40  West  Fortieth  street.  Now  York,  May  3d,  1882. 


SCIENTIFIC    INTELLIGENCE. 

I.   Chemistry  and  Physics. 

1.  New  apparatus  for  deteniiining  Melting  Points. — Cross  and 
Be  VAX  have  proposed  a  simple  method  for  determining  melting 
j)oints  which  is  free  from  some  of  the  objections  of  other  methcKk 
A  small  strij)  of  thin  sheet  iron  9  by  17'""  has  a  hole  cut  atone 
end  to  admit  the  bulb  of  the  thermometer,  which  it  fits  somewhat 
closely,  and  contains  a  small  indentation  near  the  other  end  1'5°"^ 
deep  and  2'"'"  in  diameter.  A  glass  float  is  also  made,  of  very 
fine  tube  with  a  small  bulb  at  its  lower  end,  into  which  is  sealed 
a  piece  of  platinum  wire  bent  at  right  angles  at  its  extremity. 
To  make  an  observation,  a  very  small  quantity  of  the  substance 
is  melted  in  the  indentation  of  the  plate  and  while  still  liquid  the 
platinum  wire  of  the  float  is  placed  in  it  and  allowed  to  become 
iixed  by  cooling.     The  plate  is  then  attached  to  the  thermome- 
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ter  and  the  whole  is  immersed  in  mercury.  On  heating  this 
slowly,  the  thermometer  being  watched,  a  point  is  reached  at 
which  the  substance  melts  and  the  float  is  liberated,  rising  to  the 
surface  of  the  mercury.  Figures  are  given  to  show  the  accuracy 
of  the  new  method,  rurified  paraffin  fused  at  52*5°,  resorcinol  at 
1 06 -0%  mercuric  chloride  at  -iSS'B®  and  sodium  nitrate  at  286*8° — 
J.  Chem,  SoCy  xli,  111,  March,  1882.  o.  f.  b. 

2.  On  the  Critical  Temperatures  of  Organic  Liquids, — Paw-- 
LEwsKi  has  given  the  results  of  an  extended  investigation  of  the 
critical  temperatures  of  organic  liquids.  He  finds,  (1)  that  the 
critical  temperatures  of  homologous  compounds  differ  from  their 
boiling  points  by  a  constant  quantity ;  (2)  that  isomeric  ethers 
have  the  same  or  very  nearly  the  same  critical  temperatures;  (3) 
that  bodies  in  which  double  union  of  carbon  occurs  possess  con- 
siderably higher  critical  temperatures  than  their  isomers  in 
which  there  is  no  such  union,  agreeing  in  this  particular  with  the 
boiling  points;  (4)  that  the  critical  temperature  T„  of  a  mix- 
ture  of    two   liquids  can    be  expressed    by   the  formula    Tn,  = 

^ — -^  in  which  n  and  100  — n  are  the  percentages  of  the 

constituents  and  T  and  T'  their  critical  temperatures;  (6)  that 
the  above  formula  gives  the  means  for  determining  the  critical 
temperatures  of  bodies  of  high  boiling  points  from  their  more  vol- 
atile mixtures ;  since,  if  the  critical  temperature  and  the  per- 
centage composition  of  the  mixture  are  known,  as  well  as  the 
critical  temperature  of  the  less  volatile  constituent,  that  of  the 
more  volatile  one  is  obtained  by  transposing  the  formula  T'= 

lOOT- — »T  ,^.  1^1  •^«  /.  •  .  /. 
;  (6)  that  the  percentage  composition  of  mixtures  of 

volatile  liquids  can  be  obtained  from  the  same  formula,  provided 
the  critical  temperature  of  the  mixture  and  of  each  constituent  is 

known,  since  n=100(  ri^Tpr)-     Owing  to  the  facility  with  which 

water  attacks  glass  at  high  temperatures,  the  action  beginning 
even  at  240",  the  author  has  not  been  able  to  fiyi  very  accurately 
the  critical  temperature  of  this  liquid. — Ber,  Berl.  Chem,  Ges,y 
XV,  460,  March,  1882.  g.  f.  b. 

3,.  On  a  new  Carbon  Sulphobromide, — IIell  and  Urecu  have 
observed  that  bromine  readily  reacts  upon  carbon  disulphide.  If 
a  mixture  of  these  substances,  best  in  the  proportion  of  two 
molecules  of  the  former  to  one  of  the  latter,  be  allowed  to  stand 
for  some  days  and  then  the  excess  of  CS,  be  distilled  off  in  a 
water  bath,  a  brownish-red  oily  residue  is  lefl,  which  does  not 
solidify  if  protected  from  moisture,  but  which  by  the  action  of 
water  becomes  a  mass  of  yellow  crystals,  which  can  be  purified 
by  recrystallization  from  ether.  Alcohol  also  causes  the  crystal- 
lization. The  new  body  is  thus  obtained  in  the  form  of  small, 
bright  prismatic  crystals — or  if  slowly  separated,  of  rhombic 
plates — -naving  the  composition  C,S  Br ,  or  carbon  trisulpho-hexa- 
Dromide.     It  fuses  at  125^  to  a  red  liquid  and  solidifies  unchanged 
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on  cooling.  At  higher  temperatures  it  decomposes  evolving 
brown-red  condensible  fumes  and  leaving  a  coaL  When  pure  it 
has  no  odor  or  taste.  It  is  insoluble  in  water,  difficultly  soluble 
in  cold  ether,  alcohol  and  glacial  acetic  acid,  somewhat  more 
easily  in  benzene,  petroleum  naphtha,  chloroform,  and  entirely  in 
CS9  and  bromine.  Dilute  alkalies  in  the  cold  are  without 
action ;  on  heating  with  NaOH  it  decomposes  as  follows : 

C,S,Br. + (NaOH)  „  =  (Na,CO.), + Na,S.  +  (NaBr) ,  +  (H,0)^ 

The  author  gives  four  possible  constitutional  formulas  for  this 

(cl-?^        (cj=?'«  (^l-f*     , 

Brs=C — S — S — S— C^Br,.  He  gives  the  preference  to  the  lat- 
ter on  account  of  the  decomposition  products.  The  oily  body 
from  which  it  was  produced  gave  on  analysis  CS,Br^  or  Br8=^ 
=C=S=Brj.  The  crystalline  body  is  therefore  a  condensation 
product  of  the  oily  one. — Ber.  Berl,  Chem,  Ges.y  xv,  273,  Feb- 
ruary, 1882.  o.  F.  a 

4.  O71  a  new  Sulphur  oxychloride. — Ooibb  has  obtained  a  new 
oxychloride  of  sulphur  by  heating  to  250°  in  sealed  tubes  a  mix- 
ture of  equal  weights  S^CI^  and  SOjClg.  The  liquid  becomes  dark 
red  in  color  and  on  opening  the  tubes  SO,  is  evolved,  and  a 
liquid  remains  which  distills  at  60°,  and  gives  on  analysis  the 
formulii  S.^0C1 .  It  is  formed  according  to  the  equation  (SsClj),^ 
(8O,Cl0.=(S2OClj8+SO,  +  S.  It  is  a  dark  red  liquid  of  density 
1*656  at  0°,  and  of  a  repulsive  odor  recalling  that  of  sulphur 
chloride.  Water  decomposes  it,  yielding  sulphur,  sulphurous  and 
sulphuric  acids,  hydrogen  chloride  and  some  thionic  acids.  Heat 
of  100°  decomposes  it  into  sulphurous  oxide,  sulphur  chloride 
and  chlorine.  Its  calculated  density  is  3*84;  observed  3*98,  3*84, 
3-75  by  Victor  Meyer's  method;  3*9  by  the  method  of  Dumas. 
The  author  supposes  it  to  be  derived  from  the  hypothetical  bodr 
85,0,  by  the  substitution  of  Cl^  for  0^. — Bull.  Soc.  Ch.^  II,  xxxvii, 
293,  April,  1882.  G.  F.  a 

5.  On  the  Physical  Properties  of  Carbon  Oxy sulphide. — ^The 
purification  of  carbon  oxysulphide  from  carbon  disulphide  is  a 
difficult  process.  Ilosvay  proposes  to  pass  the  mixture  through 
a  column  of  freshly  caleinea  charcoal,  which  totally  removes  the 
CSo.  With  the  gas  thus  purified  the  author  has  determined  some 
of  its  physical  properties.  Its  expansioncoeflicient  was  measured 
by  Regnault's  method,  somewhat  modified,  both  at  constant 
pressure  and  constant  volume.  Nine  determinations  at  constant 
volume,  the  gas  being  renewed  five  times,  and  the  pressure  vary- 
ing from  741-29  to  766-2""",  gave  as  a  mean  for  1  +  lOOa,  1-37317. 
The  mean  under  constant  pressure  was  1-37908.  In  the  Cailletet 
apparatus  the  gas  was  easily  liquefied,  the  pressure  required  at 
various  temperatures  being  as  follows:  At  0°,  liquid  at  12-6  a^ 
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spheres;  at  3-8%  160;  at  10-7°,  17-5;  at  12'0%  19'6;  at  17°, 
5;  at  39-8°,  44;  at  412%  46;  at  63*0°,  69;  at  69%  65 ;  at 
5**,  74 ;  at  86°,  80*0.  The  critical  point  was  found  to  be  at 
i°.  Liquid  COS  is  colorless,  very  mobile,  highly  refractive, 
panded  suddenly  it  freezes  in  small  solid  flocks.  It  dissolves 
phur,  and  mixes  with  alcohol  and  ether,  but  not  with  water  or 
cerin.  It  is  thus  intermediate  in  its  properties  between  CS, 
I  CO^ — BxiU,  Soc.  Ch.y  II,  XXX vii,  294,  April,  1882.  g.  f.  b. 
L  On  the  Formation  of  Metallic  Alloys  by  Presstire.  —  In 
8  and  1880  Spring  showed  that  many  substances  when  sub- 
:ted  to  a  pressure  of  several  thousand  atmospheres  formed 
sses  looking  very  much  as  if  they  had  been  melted.  Moreover 
observed  that  when  a  less  dense  allotropic  form,  as  prismatic 
phur,  was  pressed  in  this  way,  it  became  a  more  dense  variety, 
ahedral  sulphur.  Yellow  mercuric  iodide  passes  into  red 
ely  by  pressure.  In  general  a  chemical  reaction  will  be 
;cted  by  pressure  provided  the  resultant  is  denser  than  the 
nponents,  copper  and  sulphur  giving  under  pressure,  cuprous 
pnide.  Hence  the  author  enunciates  the  general  proposition 
kt  matter  assumes  the  state  or  condition  which  corresponds  to 
f  volume  it  is  forced  to  occupy.  Alloys  suggested  themselves 
him  as  likely  to  prove  this  law,  since  were  the  mass  after  pres- 
e  only  a  mixture,  the  fusing  point  would  not  have  changed, 
coarse  powder  of  filings  of  oismuth,  cadmium  and  tin,  in  the 
»portions  required  to  form  Wood's  fusible  metal,  was  prepared 
i  submitted  to  a  pressure  of  7500  atmospheres.  The  block 
s  reduced  to  filings  and  again  pressed.  It  now  resembled 
Dod's  alloy  completely  in  density,  color,  hardness,  brittleness 
1  fracture.  Moreover  it  melted  completely  in  water  at  70°. 
similar  mixture  of  lead,  bismuth  and  tin  in  the  proportions  of 
se's  alloy,  after  two  pressings,  melted  in  boiling  water.  Zinc 
i  copper  filings  after  five  or  six  pressings  gave  a  mass  closely 
embhng  brass.  He  quotes  an  experiment  by  Romna  who 
ight  to  make  a  fine  platinum  wire  by  drawing  it  down  in  a 
inder  of  silver  and  then  dissolving  the  silver  off  with  nitric 
d,  after  Wollaston's  method.  But  to  his  surprise  both  plati- 
m  and  silver  dissolved  in  the  acid,  the  pressure  in  the  die-plate 
k'ing  united  the  two  into  a  definite  alloy. — Ber,  Berl.  Chem, 
?*.,  XV,  595,  March,  1 882.  g.  f.  b. 

7.  On  a  Syintnetrical  Chlor-ethyl  oajiWc.— The  isomers  alde- 
de  and  ethylene  oxide  form  many  analogous  compounds,  but 
3Ugh  the  glycol  of  ethylene  has  long  been  known,  that  of  ethy- 
ene  has  not  been  prepared.  Hanriot  has  sought  to  produce 
I  monochlorhydrin  of  ethylidene  glycol  by  acting  on  aldehyde 
th  hydrogen  chloride,  the  latter  being  passed  into  the  liquid, 
3led  to  6  ,  in  a  slow  stream  so  long  as  it  remains  clear.  The 
lehyde  absorbs  nearly  two-thirds  of  its  weight  of  HCl.  The 
uid  is  then  immediately  distilled,  in  vacuo,  a  vessel  of  caustic 
le  being  placed  between  the  receiver  and  the  water  pump. 
ider  a  pressure  of  P"  of  mercury  a  liquid  passes  over  boiling 
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between  25°  and  30°  having  the  composition  C,H^OCl.  On 
standing  it  becomes  turbid  and  breaks  up  according  to  the  equa- 
tion (C,H^OCl),=CJipCl,+H,0,  into  the  ethylidene  oxychlo- 
ride  of  Lieben  and  water.  The  former  distills  at  52°  under  a 
pressure  of  4*='"  of  mercury.     The  first  of  the  above  liquids  being 

ethylidene  monochlorhydrin  ^^  1  q\  >  the  author  regards  the 

second    as    symmetrical    mono-chlorethyl   oxide    prr'pxTpi  [O^ 

CH  CH  )  * 

analogous  to  ethyl  oxide  njiVH*  f  ^'     '^^'®  constitution  he  has 

verified   by  causing  zinc  ethyl  to  react  upon  the   body.      The 

CH,CHCH.CH, 
action  is  prompt  and   there  results  O  secondary 

CH.CHCH.CH, 
butyl  oxide.     Sodium   ethylate  gives  the  same  ethylidene  oxy- 
chloride  in  which    one  of  the   chlorine  atoms    is   replaced  by 
oxethyl. — Ann.  Chim.  Phya.^  V,  xxv,  219,  February,  1882. 

G.  p.  a 

8.  On  the  Cofistitution  of  Quinones. — Japp  and  Stbbatfeild 
have  pointed  out  the  probability  that  the  reaction  with  aldehyde 
and  ammonia  belongs  to  the  class  of  condensations  in  the  ortho 
series  and  that  consequently  it  ought  not  to  be  capable  of  exten- 
sion to  para-quinones.  Indeed  they  suggest  this  reaction  as  a 
proof  of  the  ortho-position  in  quinones.  Having  found  that  both 
benzoquinone  and  ^-naphthoquinone  yield  with  beuzaldehyde 
and  aqueous  ammonia,  nothing  but  brown  resinous  products,  ibey 
tried  chryso-quinone  and  /^-naphthoquinone.  Three  grams  of  the 
former  was  heated  with  an  excess  of  benzaldehyde  and  aqueous 
ammonia  to  100°  for  one  hour  in  a  sealed  tube.  On  solution  in 
hot  benzene,  silky  needles  were  obtained  of  the  composition 
C^jr.^NO,  being  benzenyl-amido-chrysol.— t/i  Chem,  Soc.^  xli, 
157,  April,  1882.  G.  F.  B. 

9.  On  the  Preparation  of  Alizarin-orange.  —  Simon  has 
observed  that  if  dinitro-oxyanthraquinone  is  suspended  in  boiling 
water  and  very  little  of  a  20  per  cent  solution  of  sodium  hydrate 
be  added,  a  deep  red  solution  of  the  sodium  salt  is  at  first  formed 
and  then  the  color  passes  into  purple,  and  a  dark  red  fiockv 
sodium  sjilt  separates.  This  decomposed  with  HCl  and  the  yel- 
low residue  crystallized  from  glacial  acetic  acid,  gave  beautiful 
orange-red  needles  of  a  mono-nitro-alizarin,  //-nitro-alizarin.  It 
fuses  at  244°,  and  dyes  orange  with  alumina.  The  reaction  is: 
C.,H,(),(()H)(N(M,HhKOH=KNO,  +  C,4HA(NO,)(OH)^  The 
constitution  of  the  dinitro-body  is  thus  fixed. — Ser.  Bert,  Cheni, 
Gts,,  XV,  692,  March,  1882.  G.  F.  & 

10.  Photornttric  Investigation. — In  this  paper  E.  Keteler  and 
V.  Pllfrich  continue  earlier  work  (Wied.  Ann.,  xii,  p.  481, 1881). 
The  absorption  curves  of  various  substances  are  considered  a;{ 
composed  of  several  curves,  and  a  special  study  is  made  of  Glan'* 
photometer;   the  instrument  is  then  applied  to  a  very  carefoJ 
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«tudy  of  the  absorption  curves  of  cyanine,  with  a  view  to  modifyiug 
the  theoretical  formulas  which  are  used  to  express  the  absor[>tion 
relations.  It  is  found  that  the  extinction  coSmcient  of  a  colored 
solution  is  closely  proportional  to  the  amount  of  the  coloring 
matter.  The  study  of  the  composite  character  of  the  absorption 
<^urves  give  certain  values  of  the  constants  used  in  the  theoretical 
formulas.  A  portion  of  the  paper  is  devoted  to  a  reexamination  of 
the  question  of  the  connection  between  refraction  and  absorption. 
— Ann.  der  Fhysik  und  Chemie,  No.  3,  1882,  pp.  337-378.    j.  t. 

11.  Theory  of  EllipticcU  double  Refraetion, — E.  Lommel  ap- 
plies the  theory  of  light,  previously  enunciated  by  him,  to  this 
subject,  and  finds  a  satisfactory  agreement  between  theory  and 
experiment.  His  earlier  papers  are  contained  in  Wied.  Ann.,  iv, 
p.  68,  1878;  Wied.  Ann.,  xiv,  p.  628,  1881. —  Wied.  Ann,^  No.  3, 
pp.  378-391,  1882.  J.  T. 

12.  Difference  of  Potential  between  a  Metal  and  Fluids  of  differ- 
ent  Concentration. — Dr.  Erasmus  Kitti.er  continues  his  work 
upon  this  subject  with  especial  reference  to  chloride  of  lithium, 
chloride  of  barium,  chloride  of  strontium,  chloride  of  calcium, 
chloride  of  magnesium  and  chloride  of  manganese. — Ann,  der 
Physik  und  Cheniie,  No.  3,  1882,  pp.  391-412.  j.  t. 

13.  Electrical  Resistance  of  a  Vacuum, — E.  Edlund*  reviews 
the  observations  of  various  experimenterj^  upon  the  electrical 
resistances  of  gases  in  different  states  of  rarefaction,  and  finds 
that  the  phenomena  observed  can  be  explained  on  the  hypothesis 
that  a  vacuum  conducts  electricity.  With  this  hypothesis  he 
finds  no  difficulty  in  explaining  the  connection  between  elec- 
trical disturbances  on  our  earth  with  various  phenomena  going 
on  on  the  sun's  surface.  The  celestial  bodies  are  mutually  influ- 
enced not  only  by  the  law  of  gravitation  and  light  and  heat  rays, 
but  also  by  electrical  energy.  If  a  vacuum  is  a  good  conductor 
of  electricity,  an  electrical  charge  upon  one  planet  or  star  would 
communcicate  by  induction  a  corresponding  charge  in  other 
celestial  bodies,  and  an  electrical  pulsation  would  be  propagated 
through  space.  It  appears  to  the  author  that  the  hypothesis  that 
ordinary  matter  is  a  necessary  medium  for  electrical  action  is 
erroneous  ;  and  the  terms  expressing  conductibility  therefore  lose 
all  physical  meaning.  Various  material  bodies  oppose  a  greater 
or  less  resistance  to  the  propagation  of  electrical  disturbances. 
The  action  of  these  bodies  is  passive  not  active. — Aim,  der 
Physik  und  Chemie,  No.  4,  1882,  pp.  514-533.  j.  t. 

14.  Solar  Heat. — The  engines  of  Mouchot  and  others  which  are 
designed  to  utilize  solar  radiation  have  suggested  the  possibility 
-of  great  economy  of  fuel.  M.  A.  Crova  gives  a  short  note  upon 
the  results  obtained  by  a  commission  appointed  by  the  minister  of 
pnhlic  works.  The  commission  carried  on  the  experiments  at 
Moutpellicr,  and  used  a  mirror  having  a  section  of  5*22'"*J  normal 
to  the  solar  rays,  which  were  concentrated  upon  a  blackened 
IxHler  placed  at  the  focus.     The  boiler  was  surrounded  by  a  glass 

♦  See  also  p.  149. 
iJL  JOUB.  8oi^— Thibd  Snns,  Vol.  XXIII,  No.  138.— June,  1882. 
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cylinder,  and  the  steam  arising  from  the  boiler  was  condensed  ii> 
a  serpentine  condenser.  The  number  of  calories  utilized  by  the 
apparatus  was  deduced  from  the  weight  of  water  distilled  per 
hour ;  and  hourly  aclinometric  observations  gave  the  number  of 
calories  that  were  received  by  the  apparatus.  At  the  same  time 
the  temperature  of  the  air,  its  hygrometric  state,  and  the  heat  of 
the  sun  were  measured;  and  the  thickness  of  the  atmospheric 
layer  traversed  was  calculated  by  the  formula  of  Laplace.  The 
number  of  calories  utilized  and  that  received  were  expressed  in 
great  calories  (kilogramme-degre)  received  in  one  hour  upon  1""= 
of  surface  normal  to  the  solar  rays ;  their  quotient  gave  the  effi- 
ciency of  the  apparatus.  The  following  table  expresses  the  princi- 
pal results  obtamed : 

iltero^e  Value  of  Btsults  obtained  during  \  SSI ,  per  1™<1  per  1^. 

Maxim  am 
Ciil  ChI 

Heat  received  directly 616-1*  946-0      (25  April.) 

Heat  utilized  by  apparatus 258*8  547*5      (16  June.) 

Mean  of  efficiency 0*491  0*854  (14  June.) 

Under  the  most  favorable  circumstances,  that  is  to  say,  with  an 
incident  radiation  of  1200  cal.  per  square  meter  per  hour,  which 
was  never  obtained,  and  \iith  an  efficiency  of  eighty  per  cent, 
960  cal.  would  result.     This  number  represents  very  nearly  the 
heat  produced  by  240^/  of  coal,  admitting  that  nearly  one-half  of 
the  heat  that  it  produces  in  burning  is  utilized  in  converting  water 
into  steam.     In  reality,  in  the  climate  of  France  not  one-half  o( 
this  efficiency  is  obtained.     The  sun  does  not  shine  continuously 
enough  to  make  an  apparatus  of  the  description  used  by  the  conf- 
mission  practicable.     The  possibility  of  its  utilization  in  very  hot 
and  dry  climates  depends  upon  a  number  of  circumstances,  among 
which  enter  the  difficulty  of  procuring  fuel  and  the  cost  of  the 
solar  apparatus. —  Vomptes  Bendus,  No.  14   1882,  pp.  943-945. 

J.  T. 

16.  Aconitic  Acid,  from  Sorghum  Juices. — H.  B.  Paksoxs 
(Amer.  Chem.  Journal,  iv.  No.  1),  has  examined  the  scale  which 
deposits  from  clear  defecated  sorghum  juice,  after  treatment  with 
milk  of  lime  to  faint  alkalinity,  on  boiling,  and  which  adheres  as 
a  light  buff-colored  deposit  tenaciously  to  the  evaporating  pans. 
This  scale  is  easily  soluble  in  hydrochloric  acid  without  efferves- 
cence, and  the  solution  reacts  aonndantly  for  lime  and  magnesia 
but  not  for  glucose  or  sucrose.  Hence  it  is  not  a  lime  sucrate  or 
sulphate,  as  has  been  supposed.  Analysis  showed  the  presence 
of  lime  and  magnesium  oxides  with  water  and  organic  matter. 
Eliminating  accidental  impurities  and  considenng  the  scale  an 
im|>ure  lime  salt,  it  gave  the  composition  IljO  7-95,  CaO  24%*V2, 
organic  matter  67*73.  The  organic  acid  was  separated  from  the 
finely  pulverized  scale  by  dilute  sulphuric  acid  in  quantity  short 
of  saturation  of  the  calcium,  and  salts  of  zinc,  lead,  silver,  magne- 
sium and  calcium  respectively  found  with  it  and  subsequently 
analyzed  with  results  very  closelv  agreeing  to  the  assumption 
that  the  sorghum  scale  is  a  two-tnirds  metallic  calcic  aconitate 
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with  one  molecule  of  combined  water  (CaHC  H^O^ .  HjO)  aconitic 
acid  ^C^jH^O,.  Arno  Behr  has  determined  the  presence  of  acon- 
itic acid  in  the  melado  of  the  West  Indies,  (Bericht.  der  deutscli. 
Chem.  Ges.,  x,  J^Sl).  It  also  exists,  as  is  well  known,  in  the 
juices  of  the  Monkshood  or  Wolfsbane  (Aconitvm  NapeUus)^  and 
of  Blue  rocket  (Delphinium  Covsolida)  as  calcium  aconitate,  the 
same  salt  now  found  in  sugar  cane  juice  and  sorghum.         b.  s. 

II.   Geology  and  Natural  History. 

1.  The  Climatic  Changes  of  later  Geological  Times:  a  Dis- 
cussion based  on  observations  made  in  the  Cordilleras  of  North 
America;  by  J.  D.  Whitney.  Part  II.  pp.  121  to  264,  4to. 
Vol.  vii,  No.  2,  Part  II,  of  the  Memoirs  of  the  Museum  of  Com- 
parative Zoology,  Cambridge.  1882.  Printed  for  the  Museum. — 
The  first  part  of  this  memoir,  covering  120  pages,  was  published 
in  1880,  and  is  noticed  in  volume  xx,  of  this  Journal  (p.  460). 
The  view  which  Professor  Whitney  partly  presented,  and  sup- 
ported by  facts  from  North  America,  in  the  preceding  pages  of  his 
memoir — that  secular  desiccation  of  the  glooe,  begun  as  far  back 
as  the  Cretaceous  era,  was  still  in  progress — is  illustrated  further, 
in  this  Second  part,  by  facts  from  "  the  Asiatic  Continent  and 
other  portions  of  the  world,"  after  which  follows  a  discussion  of 
the  desiccation-question  as  to  its  relation  to  other  events,  and  its 
possible  causes.  The  facts  brought  forward  are  largely  those  of 
historical  time,  which  he  has  gathered  with  much  research  from  the 
publications  of  historians  and  travelers,  but  partly  from  his  own 
personal  observations.  They  are  skillfully  and  fairly  presented, 
making  pages  of  reading  full  of  interest  to  the  general  reader  not 
less  than  to  science ;  for  the  question  whether  the  world  is  more 
or  less  slowly  becoming  dried  up  and  unfit  for  human  existence  is 
one  of  wide  conceni.  The  following  statements  are  condensed 
from  its  pages. 

The  region  about  the  Mediterranean  in  Asia  and  Africa,  and  to 
a  less  extent  in  Europe,  that  is,  from  the  Western  Himalayas, 
westward — the  area  of  the  early  development  of  the  race,  and 
once  inhabited  by  a  dense  population  that  led  the  world  in  civili- 
zation— has  lost  Its  preeminence,  and  a  large  part  of  the  people 
now  rank  among  the  semi-barbarous  of  the  world.  The  causes  of 
this  degradation  have  been  many ;  but  one  physical  cause  has 
made  "  life  no  longer  possible  there  except  under  conditions  which 
are  not  compatible  wdth  densitv  of  population  or  with  intellectual 
vigor" — namely,  "the  countries  in  question  have  become  very 
materially  drier  than  they  were  during  the  earlier  historic  period." 

This  proposition  is  sustained  by  citations  from  observers  as  to 
the  diminisning  water-surface  of  the  basin  of  the  Aral  and  Caspian, 
and  the  dryness  of  the  table-land  of  Persia,  on  account  of  which 
the  population  has  diminished  and  is  necessarily  diminishing ; 
which  dwindling  of  lakes  and  drying  of  streams  and  land  Mr.  W. 
T.  Blanford,  the  geologist  of  the  Anglo-Persian  Boundary  Com- 
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mission,  has  attributed  to  a  gradual  reduction  in  the  rainfall  of 
modern  times,  consequent  on  a  gradual  change  in  the  climate  of 
Central  Asia.  The  diminution  of  lakes  and  the  making  the 
number  few  where  once  there  were  many  in  Western  Thibet  and 
Turkestan  is  attributed  to  the  same  general  cause  by  Von  Schla- 
eintweit  and  the  Geological  Survey  of  India — "a  progressive 
decrease  of  precipitation."  The  same  report  is  derived  from  other 
parts  of  Asia.  Among  many  other  similar  accounts  it  is  said  of 
Arabia — "  it  is  a  well  established  fact  that  the  volume  of  flowing 
water  is  constantly  diminishing;"  of  the  region  bordering  on  the 
lower  Euphrates  and  Tigris,  once  the  most  fruitful  land  of  anti- 
quity, "  the  garden  of  the  world,"  the  alluvial  bottoms  are  now 
covered  with  plants  of  a  saline  soil;  of  the  peninsula  of  Sinai, 
"  undoubted  traces  of  rich  pasturage,  of  watered  ground  and  of 
human  habitation,"  were  found  by  Messrs.  Tyrwhitt-Drake  and 
Palmer  "  where  all  is  now  a  howling  waste,"  and  "  the  area  of 
some  3,000  square  miles,  formerly  so  rich  in  oases,  which,  thirty- 
one  centuries  ago,  could  send  into  the  field  1:^6,000  swordsmen,  is 
abandoned  to  a  few  hundreds  of  a  mongrel  Egypto-Bedawi  race, 
half  peasants,  half  nomads;"  of  Egypt,  a  similar  history;  of 
Greece,  as  Professor  linger  reports — **  instead  of  the  formerfruit- 
iul  and  well-watered  meadows  and  pastures,  now  only  dry  fields 
and  bosky  hills  devoid  of  forests  are  to  be  found,  and,  in  conse- 
quence of  this,  it  is  impossible  that  Greece  should  ever  be  again 
drawn  within  the  circle  of  Western  culture ;"  and  Professor  Fraas, 
recognizing  the  same  cause,  says:  "On  the  present  soil  of  the 
Nile-land  never  again  will  any  philosophical  system  be  developed, 
and  no  power  in  Uie  world  could  cause  a  university  to  arise  there 
which  should  have  even  the  most  distant  resemblance  to  a  Euro- 
pean one."  The  facts  of  this  kind  given  are  very  numerous;  a 
liew  only  as  examples  of  them  are  here  cited.  The  fact  of  gradual 
desiccation  is  further  sustained  by  reports  with  regard  to  the 
Sahara  region,  Central  Africa  and  South  America. 

In  discussing  causes  for  the  desiccation  in  progress  since  the 
Cretaceous  era,  Professor  Whitney  sets  aside  the  idea  of  anv 
effect  from  the  removal  of  forests,  and  of  any  connection  witli 
the  conditions  of  the  Glacial  era,  remarking  that  writers  on  that 
era  have  confined  the  time  of  excessive  precipitation  and  its 
decline  to  the  Glacial  and  Champlain  periods,  or  the  Glacial  period 
only.  He  then  refers  to  the  increase  in  later  geological  eras  of 
the  extent  of  land  over  the  globe  in  proportion  to  that  of  water  as 
a  real  cause  but  a  feeble  one,  it  accounting  for  only  a  small  part 
of  the  diminished  precipitation.  Finally,  he  takes  up  the  question 
— '*  Has  the  solar  radiation  been  diminishing  in  intensity  during 
all  or  any  portion  of  geological  time,"  and  decides  that  the  earth's 
temperature  has  been  diminishing ;  and  for  the  reason  that  the 
sun  has  been  losing  in  heating  power.  In  the  third  part  of  Pro- 
fessor Whitney's  important  memoir,  yet  to  be  published,  he  will 
iMideavor  to  show  that  "  the  ideas  maintained  are  not  in  conflict 
with  the  phenomena  of  the  so-called  Glacial  epoch." 
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2.  Third  Appendix  to  the  Fifth  Edition  of  Dances  System  of 
Mineralogy ;  by  Edward  S.  Dana.  136  pp.  8vo.  New  York: 
(John  Wiley  &  Sons). — ^Tliis  Third  Appendix  is  stated  to  be  de- 
signed to  make  the  System  complete  up  to  January,  1882.  It  fol- 
lows the  second  Appendix  after  an  interval  of  seven  years,  a  period 
which  has  been  remarkable  for  the  unprecedentedly  large  amount 
of  work  done ;  these  facts  explain  why  the  present  Appendix  is 
double  the  size  of  the  preceding.  It  contains  full  descriptions 
of  all  species  announced  as  new,  some  three  hundred  in  number, 
and  also  references  to  all  mineralogical  memoirs,  published  durin<j^ 
this  period.  From  the  latter  many  new  analyses  are  quoted  and 
new  facts  in  regard  to  physical  characters  and  localities.  A  list 
of  mineralogical  works  and  of  mineralogical  journals  is  given  in 
the  Introduction. 

3.  The  Genus  Monticulipora, — Mr.  S.  A.  Miller  has  an  arti- 
cle in  the  Journal  of  the  Cincinnati  Society  of  Natural  History, 
for  April,  1882  (v,  p.  25),  showing  that  the  subdivisions  of  this 
genus  of  fossil  corals  proposed  by  Professor  H.  A.  Nicholson  in  his 
recent  memoir,  based  on  specimens  from  the  Cincinnati  group,  in 
Ohio,  have  various  objections,  and  criticising  other  points  in  the 
memoir. 

4.  Handbook  of  Invertebrate  Zoology  for  Lahoratories  and 
Seaside  Work ;  by  W.  K.  Brooks,  Ph.D.,.  Associate  in  Biology 

.and  Director  of  the  Chesapeake  Zoological  Laboratory  of  the 
Johns  Hopkins  Univereity.  392  pp.  8vo.  Boston,  1882.  (S.  E. 
Cassino.) — An  excellent  work,  well  adapted  for  its  purpose  by  its 
judicious  arrangement  and  detailed  directions  for  investigation, 
and  its  numerous  and  admirable  illustrations,  and  attractive  also 
in  its  letter-press.  It  is  just  the  hand-book  for  a  sea-side  student 
in  zoology,  m  fact  for  the  learner  in  zoology  anywhere. 

6.  Jlie  Absorption  of  Metallic  Oxides  by  Plants^  is  the  title  of 
an  interesting  paper  read  by  Professor  F.  C.  Phillips,  of  Western 
University,  before  the  Engineer'  Society  of  West  Pennsylvania, 
in  February  last.  It  gives  the  history  of  what  is  known  and 
thought  about  the  effect  of  metallurgical  works  on  adjacent  vege- 
tation and  the  influence  of  poisonous  oxides  in  the  soil ;  and  then 
adds  a  summary  of  experiments  made  by  Professor  Phillips  upon 
great  numbers  of  young  plants  of  Coleus,  Acht/ranthes,  Agera- 
tutHy  pansies  and  geraniums,  grown  in  pots  for  bedding,  the 
object  being  to  determine  whether  any  injurious  effects  are  pro- 
duced upon  plants  by  being  grown  in  soil  impregnated  w4th  cer- 
tain metallic  oxides,  and  whether  plants  in  a  perfectly  healthy 
state  will  absorb  such  oxides  through  their  roots.  The  conclu- 
sions reached  were : 

(1.)  That  healthy  plants,  grown  under  favorable  conditions, 
may  absorb  through  their  roots  small  quantities  of  lead,  zinc, 
copper  and  arsenic. 

(2.)  That  lead  and  zinc  may  enter  the  tissues  in  this  way  with- 
out causing  any  disturbance  in  the  growth,  nutrition,  and  func- 
tions of  the  plant. 
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(3.^  That  the  compounds  of  copper  and  arsenic  exert  a  dis- 
tinctly poisonous  influence,  tending,  when  present  in  larger 
quantity,  to  check  the  formation  of  roots,  and  either  killing  the 
plant  or  so  far  reducing  its  vitality  as  to  interfere  with  nutrition 
and  growth. 

In  the  case  of  the  heavy  metals,  copper,  zinc,  arsenic  and  lead, 
it  seems  to  be  probable  that  their  oxides  may  under  certain  cir- 
cumstances become  deposited  in  the  tissues  of  the  plant. 

6.  Monographie  des  Compoaees,  par  H.  Baillon.     Paris,  1882. 
pp.  316.—  This  is  the  8th  volume  of  Baillon's  Hiatoire  des  Planter, 
One-third  of  the  volume  is  occupied  with  an  exposition  of  the 
floral  structure  of  composite  plants,  illustrated  by  the  excellent 
wood  cuts  which  so  well  set  off  this  and  other  French  botanical 
books,  and  with  a  sketch  of  the  medicinal  uses  of  these  plants. 
In  the  remaining  212  pages  the  admitted  genera  are  characterized 
in  large  and  leaded   type,  with  rather  copious  bibliographical 
references  in  foot-notes.     Now  Mr.  Bentham  filled  370  pages  of 
the  Genera  Plaiitanim — pages  of  just  the  same  size,  but  of  fine 
type — with  his  characters  of  the  tribes  and  genera  of  this  order. 
In  his  laborious  and  conscientious  review  of  the  family,  by  a 
botanist  who  is.  not  at  all  prone  to  the  multiplication  of  genera, 
and  who  is  thought  in  some  cases  to  have  gone  too  far  in  reduc- 
tion, the  genera  admitted  (including  a  few  addenda)  amount  to 
780.     The  difference  in  the  bulk  of  the  two  works  is  accounted 
for  by  the  reduction  of  the  genera  by  Baillon  to  403.     Baillon's 
specialty  is  generic  consolidation.    Yet  withal  he  keeps  up  several 
genera  which  we  find  it  impossible  to  maintain;  and  there  are 
others  which  should  have  been   suppressed  upon  his  principles, 
though  not  upon  ours.     Deducting  these,  the  genera  according  to 
Baillon  would  be  only  half  as  many  as  those  of  Bentham  and 
Hooker.     Baillon  is  an  able  botanist  and  is  entitled  to  have  his 
own  views.     If  his  plan  is  not  adopted,  as  being  neither  philo- 
sophical nor  practically  convenient,  it  is  harmless  as  compared 
with  the  opposite  extreme ;  and  nothing  can  be  easier  than  to 
double  up  the  genera  upon  a  preconceived  line  after  all  the  ma- 
terials had  been  well  elaborated  beforehand.  a.  g. 

7.  Guide  to  the  Flora  of  Washifigton  and  vicinity^  by  Lester 
F.  Ward,  A.M.  pp.  264,  8vo. — This  capital  piece  of  work  is 
published  by  the  U.  S.  National  Museum  as  Bulletin  No.  22,  and 
**  one  of  a  series  of  papers  intended  to  illustrate  the  collections  of 
natural  history  and  ethnology  belonging  to  the  United  States 
and  constituting  the  National  Museum,  of  which  the  Smithsonian 
Institution  was  placed  in  charge  by  Act  of  Congress  of  August 
10,  1846." 

The  introductory  portion  treats  first  of  the  range  of  this  "  flora 
Columbiana,"  which  is  said  to  be  limited  on  the  north  bv  the 
Great  Falls  of  the  Potomac  and  on  the  south  by  the  Mt.  Vernon 
estate ;  it  compares  the  ])reHent  known  flora  of  the  district  with 
that  of  1830,  as  exhibited  in  the  Flonv.  Colunibiance  Prodromm 
by  the  botanical  club  of  that  day;  describes  in  some  detail  the 
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localities  of  special  interest  to  the  botanist;  indicates  the  flower- 
ing time  of  the  plants  and  its  variation  in  different  years ;  tabu- 
lates and  discusses  the  statistics  of  the  flora;  specifies  the  sixteen 
largest  orders*  (these  furnishing  55  per  cent  of  the  genera  and  62 
per  cent  of  the  species),  also  the  15  larger  genera  (beginning  with 
Carex  and  ending  with  Aaclepias) ;  mentions  the  number  of  intro- 
duced species  (193,  of  which  15  are  natives  of  the  United  States, 
several  indeed  hard  by),  also  of  the  trees  (86) ;  institutes  com- 
parisons with  other  floras;  and  particularly  notes  the  abundant 
species,  those  which  therefore  impress  their  character  upon  the 
landscape.  This  is  a  particularly  good  point ;  and  we  are  pleased 
to  find  that  the  prominent  forest  trees,  smaller  trees,  shrubs, 
woody  climbers,  and  the  more  conspicuous  herbaceous  species  are 
in  turn  enumerated.  There  are  souie  critical  and  more  explana- 
tory remarks  about  classification,  generally  to  the  purpose.  (But 
it  is  a  mistake  to  say  that,  in  the  New  Genera  Plantarum,  "  Va- 
lerianeUa  has  been  made  coextensive  with  Fedia,  European 
authors  almost  without  exception  keep  up  the  two  genera,  it 
seems  to  us  without  good  reason.  tSteironema  was  not  adopted 
in  that  work  only  because  the  authors  did  not  know  the  peculiar 
je>tivation  of  the  corolla;  it  was  adopted  here  upon  the  discovery 
of  this  character.)  There  are  good  remarks  upon  common  names, 
i.  e.  vernacular  names ;  and  it  is  well  said  "  that  the  best  common 
name  for  a  plant  is  always  its  systematic  name,  and  this  should 
be  made  a  substitute  for  other  popular  names,  whenever  and 
wherever  it  can  be  done."  We  have  come  to  agree  with  DeCan- 
dolle,  in  urging  that  while  vernacular  names  are  freely  to  be  used 
in  their  ])lace,  they  ought  never  to  be  made.  A  deliberately  man- 
ufactured vernacular  name  is  a  contradiction  and  a  counterfeit. 
Exceptions  there  may  be,  where  a  generic  name  may  be  aptly 
translated,  but  these  are  few. 

The  flora  itself  makes  up  only  about  80  pages  of  this  volume. 
It  is  a  catalogue,  without  characters  or  synonymy, — these  being 
at  hand  in  the  manuals  and  proper  floras, — but  with  localities, 
time,  of  flowering,  and  many  particular  observations.  It  should 
essentially  facilitate  and  further  the  study  of  botany  in  and 
around  the  District  of  Columbia. 

Following  the  flora  is  a  "  check  list,"  with  ample  room  for 
notes,  which  occupies  69  pages.  The  uses  of  this  are  explained  in 
the  appendix.  While  the  work  itself  is  calculated  for  the  meridian 
of  Washington,  the  appendix  will  be  very  useful  wherever  there 
is  any  botanizing,  or  any  disposition  to  botanize.  It  consists  of 
"  suggestions  to  beginners"  respecting  the  identification  of  plants, 
xjoUection  and  preservation  of  specimens,  the  making  and  care  of 
a  herbarium,  the  management  of  duplicates,  of  exchanges,  and 
ends  with  general  remarks  on  herbarium  work ;  all  sensible,  clear 
^nd  instructive.  Great  is  the  need  of  such  instruction,  especially 
to  young  United  States  officers  and  others  who  make  botanical 

*  The  first  eificbt  are  Composit€B,  53  gen.,  149  sp. ;   GraniineoR,  43,  110;    Cyper- 
•ocetB,  10,  108;  Leguminosce,  24,  57  ;  Rosacece,  15,  46;  Labiatce,  23,  43. 

# 


494  ScierUific  Intelligence. 

collections  in  distant  expeditions.  The  knowledge  and  the  tnct 
they  may  here  acquire  should  make  all  the  di^rence  betwei.*ft 
a  neat  and  scientifically  valuable  collection  and  one  which  is 
repulsive  and  worthless. 

Jf  we  rightly  understand  it,  Mr.  Ward's  plant-poison  is  not 
strong  enough.  We  recommend  that  the  alcohol  should  be  satu- 
rated with  corrosive  sublimate,  and  then,  if  need  be  on  account  of 
efflorescence,  that  just  a  little  alcohol  be  added.  And  the  alcohol 
should  be  of  the  strongest.  This  appendix  covers  about  the  same 
ground  as  does  Professor  Bailey's  botanist's  Hand-book,  noticed 
in  the  preceding  number  of  this  Journal.  Both  are  excellent,  are 
needed,  and  we  hope  will  be  widely  disseminated.  In  view  of 
this,  it  may  be  expected  that  the  appendix  will  be  separately 
issued  and  be  distributed  bv  the  Smithsonian  Institution,    a,  g. 

8.  Lea  MeiUeurs  Bles^  Jbeacription  et  Culture  des  principaks 
Varikes  des  Fromenta  d'^Hlver  et  de  PrintetHpa^  par  Vilmokix- 
Andrieux. — This  is  a  handsome  imperial  4to,  of  175  pages  of 
letter-press  and  66  plates,  each  one  admirably  representing,  in  the 
natural  size  and  colors,  two  heads  of  each  sort  of  wheat  and  some 
separate  grains ;  not  only  all  the  best  varieties  of  TViticwn 
sativum^  but  also  of  the  cultivated  spelts  and  other  wheat  species, 
T,  turgidum^  durum^  Polonicum^  Spelta^  Amyleuniy  and  wonocoo 
cum.  Besides  the  details  for  each  variety,  in  a  page  accompany- 
ing the  figure,  and  some  general  considerations,  there  is  an  inter- 
esting chapter  on  the  classification  of  the  seven  types  or  species 
and  the  many  varieties  of  the  common  wheat.  As  this  work  is  a 
practical  one,  only  the  better  6ort,s  (according  to  the  title)  are 
here  described  and  illustrated.  We  may  add  that  this  volume 
comes  from  the  collections  and  investigations  of  three  genei-ations^ 
son  and  grandson  having  continued  the  collection  and  the  studies 
commenced  bv  the  senior  Vilmorin  in  the  year  1820.  Louis  Vil- 
morin, — a  capital  investigator  of  all  such  questions, — publighed 
his  Methodical  Catalogue  of  Wheats  in  1850,  and  diea  in  1860^ 
since  which  the  work  has  been  prosecuted  in  the  same  spirit  by 
the  present  editor,  Henry  Vilmonn.  a,  g. 

9.  llie  Office  of  Besinous  Matters  in  Plants ;  by  Hugo  De 
Vries.  a  paper  in  the  Archives  Neerlandaises^yoh  xvii,  1882.— 
The  extract  fills  24  pages,  8vo.  It  has  been  difiicult  to  make  even 
a  plausible  conjecture  of  the  uses  of  the  *'  proper  juices  "  of  plants. 
In  their  production  a  large  amount  of  nutritive  material  is  con- 
sumed ;  and  for  the  most  part  they  are  stored  up  irretrievablv  in 
the  plant,  not  being  reconverted  into  nutritive  material,  'fhis 
gave  some  color  to  the  old  idea  that  they  are  excrementitious. 
But,  besides  that  under  normal  conditions  they  are  not  excreted, 
why  sliould  a  pine-tree  convert  such  an  amount  of  its  assimilated 
ternary  matters  into  turpentine,  which  is  merely  to  be  excreted? 
Or,  if  it  be  a  bye-product,  what  useful  production  or  beneficial  end 
attends  the  production  ?  It  excrenientitious,  the  tree  should  be 
benefitted  by  drawing  it  off.  But,  as  De  Vries  remarks,  and  as 
the  owners  of  the  trees  very  well  know,  the  process  is  injurions, 
and  if  followed  up  is  destructive.     It  goes  almost  without  sayings 
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now-a-days,  that  the  tarpentine  is  of  real  good  to  the  tree,  else 
turpentine-bearing  trees  would  not  exist.  De  Vries  has  made  out 
a  real  use,  which  ne  thinks  is  the  true  function  of  the  resiniferous 
matters  in  ConiferoB^  and  in  other  resin-producing  plants.  Resin- 
ous juice  is  stored  in  the  tree  as  a  halm  for  wounds.  It  is  stored 
up  under  tension,  so  that  it  is  immediately  poured  out  over  an 
abraded  or  wounded  surface ;  for  these  wounds  it  makes  the  best 
of  dressing,  promptly  oxidating  as  it  does  into  a  resinous  coating, 
which  excludes  the  air  and  wet,  and  other  injurious  influences, 
especially  the  crerms  or  spores  which  instiunte  decay ;  and  so  the 
process  of  healing,  where  there  is  true  healing  or  reparation,  or  of 
healthy  separation  of  the  dead  from  the  living  tissues,  is  favored 
in  the  highest  degree.  The  saturation  of  the  woody  layers  with 
resin,  in  the  vicinity  of  wounds  and  fractures  (as  is  seen  in  the 
light-wood  of  our  hard  pines),  is  referred  to  as  effectively  arresting 
the  decay  which  parasitic  fungi  set  up,  this  "  fat "  wood  being 
impervious  to  mycelium. 

Latex  or  milky  juice  is  a  more  complex  product,  of  which  cer- 
tain portions  have  been  shown  to  be  nutritive;  but  as  to  the 
caoatchonc  and  the  waxy  matters  they  contain,  De  Vries  insists 
that  they  subserve  a  similar  office,  are,  in  fact,  a  remedy, — a  protec- 
tion against  decay,  a  natural  provision  for  the  dressing  of  wounds, 
under  which  healing  may  most  favorably  proceed.  a.  g. 

10.  ^  Popular  Californian  Flora;  by  Volney  Rattan. — This 
is  the  '*  Third  Edition,  Revised  and  Enlarged,"  of  a  little  book 
which  we  commended  at  its  first  appearance,  and  which,  now  that 
the  Botany  of  California  is  published,  has  been  somewhat  extended. 
**  Introductory  Lessons  in  Structural  Botany,"  with  copious  wood- 
cuts, are  prefixed.  So  that,  all  things  considered,  beginners  in 
botany  on  the  Pacific  coast  are  fairly  provided  for.  a.  g. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  Astronomical  and  Meteorological  Observations  made  during 
the  year  1877  at  the  IL  S,  N".  Observatory  ;  Rear  Admiral  Johx 
RoDGERS,  Superintendent.  Washington,  1881.  —  This  volume 
contains  the  results  of  the  regular  observations,  and  also  six  val- 
uable appendices.  (1)  Investigation  of  the  Objective  and  Micro- 
meter of  the  26-inch  Equatorial,  by  E.  S.  Holden ;  (2)  The 
Multiple  Star  2  748,  or  the  trapezium  in  Orion,  by  K.  S.  Holdeii ; 
(3)  The  Solar  Parallax  from  mendian  observations  of  Mars  in 
1877,  by  J.  R.  Eastman;  (4)  Longitude  of  the  Cincinnati  Obser- 
vatory (viz :  29™  29"-33  west  of  Washington),  by  J.  K.  Eastman  ; 
(5)  Longitude  of  Morrison  Observatory,  Glasgow,  Mo.,  by  J.  R. 
Eastman  and  H.  S.  Pritchett  (viz:  V"  3"'  6*-926  west  of  Washing- 
ton) ;  (6)  Observations  of  Double  Stars,  by  Asaph  Hall.  Several 
of  these  appendices  have  been  noticed  in  previous  numbers  of  this^ 
Journal. 

2.  American  Association. — The  next  meeting — the  thirty- 
first— of  the  American  Association  for  the  Advancement  of 
Science,  will  be  held  at  Montreal,  Canada,  commencing  August 
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123.  The  President  of  the  meeting  is  Principal  J.  W.  Dawson,  of 
McGill  University,  Montreal.  As  now  arranged  there  are  nine 
sections,  the  Vice-Presidents  of  which  are  as  follows: — A.  Mathe- 
matics and  Astronomy,  Wm.  Habkness;  B.  Physics,  T.  C. 
Mendknhall;  C.  Chemistry,  H.  C.  Boltox;  D.  Mechanical 
Science,  W.  P.  Trowbridge  ;  E.  Geology  and  Geography,  E.  T. 
Cox;  F.  Biology,  W.  H.  Dall;  G.  Histology  and  Microscopy, 
A.  H.  Tuttle;  H.  Anthropology,  Daniel  Wilson;  I.  Eco- 
nomic Science,  and  Statistics,  E.  B.  Elliott.,  A  large  meeting  is 
expected.  The  local  arrangements  are  being  perfected  by  a  local 
committee,  of  which  Dr.  T.  Sterry  Hunt  is  chairman.  O?  foreign 
scientists  who  have  been  specially  invited,  the  following  have 
«ie:nified  their  intention  of  being  present :  Szab6  of  Buda-Pest, 
RijNARD  of  Brussels,  Stepuanesco  of  Bucharest,  W.  B.  Car- 
penteb  of  London,  Samuel  Haughton  and  Fitzgebald  of 
Dublin,  and  Sollas  of  Bristol. 

3.  Treatise  on  Astronomy^  Spherical  and  Physical ;  by  W.  A. 
NoBTON.  5th  edition  revised  and  enlarged.  New  York.  (Wilev 
and  Sons.) — In  this  new  edition  of  his  well  known  and  much  val- 
ued work  the  author  has,  besides  embodying  the  recent  researches 
and  discoveries,  added  in  the  appendices  new  investigations  and 
theoretical  discussions  in  Astronomical  Physics. 

Abstract  of  a  Report  upon  the  Geology  and  Mining  Industry  of  L6adnll«. 
Colorado,  by  S.  F.  Emmons,  Geologist-in-charge  Rocky  Mountain  Division.  U.  S. 
Geol.  Survey,  pp.  20:j-290,  with  two  colored  plates,  from  the  Annual  Report  of 
the  Director  of  the  U.  S.  Geol.  Survey,  transmitted  Dec.  1,  1881.     Washington,  1882. 

Report  upon  Experiments  and  Investigations  to  develop,  a  system  of  Submarine 
Mines  for  defending  the  Harbors  of  the  United  States.  Submitted  to  the  Board 
of  Engineers,  by  Lieut.  Col.  Henry  L.  Abbot,  Corps  of  Engineers,  Brevet  Brijra- 
dier  (ten^ral,  IT.  S.  A.,  member  of  the  Board.  444  pp.  4t<).  Washington.  1881. 
Professional  papers  of  the  Corps  of  Engineers,  U.  S.  A..  No.  23. 

Insects  Injurious  to  Forest  and  Shade  Trees,  by  A.  S.  Packard,  Jr.,  M.D. 
Bulletin  No.  7  of  the  U.  S.  Entomological  Commission,  Dept.  of  the  Interior 
276  pp.  8vo.     Washington,  1881. 

Report  on  the  Meteorology  of  Tokio  for  the  year  1880.  by  T.  C.  Mekdenhalu 
Ph.D.,  Professor  Experimental  Physicn  in  Tokio,  Daigaku.  Memoirs  of  the 
Science  Dept.  of  tlie  Univ.  of  Tokio.  The  work  contains  a  thorough  diacussion  of 
the  subject,  with  numerous  tables,  charts  and  diagrams. 

Bulletin  of  the  D.  S.  National  Museum,  No.  11.  Bibliography  of  the  Fishes  of 
tlie  U.  S.  Pacific  coast  to  the  end  of  1879,  by  T.  GiLL.     Washington,  1882. 

Results  of  Meteorological  Observations  at  Providence,  R.  I.,  for  45  years,  from 
1831  to  1876,  by  Alexis  Caswell.  Smith-sonian  Contributions.  No.  443.  34  pp. 
4to.     Washington,  D.  C,  1882. 

Bulletin  of  the  Natural  History  Society  of  New  Brunswick,  St.  John,  X.  B. 
No.  1.     72  pp.  8vo.     1882. 

Descriptions  of  New  Species  of  Fossils  from  Ohio,  with  remarks  on  the  geolog- 
ical formations  in  which  they  occur,  by  R.  P.  Whitfield.  March,  1882.  Vol.  ii. 
No.  8  of  the  Annals  N.  Y.  Acad.  Sci. 

OBITUARY. 

Sir  Charles  Wyville  Thomson. — Sir  CharleH  VVyville  Thom- 
son was  born  March  5th,  1830,  at  Bousyde,  Linlithgow,  Scotland, 
where  he  died  March  15,  1882.  His  father,  a  surgeon  in  the  ser- 
vice of  the  East  India  Company,  intended  to  make  him  a  physi- 
♦cian.     But  the  medical  profession   had  no  charm  for  him  except 
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as  it  concerned  the  study  of  nature,  and  he  gave  up  the  thought 
of  practice  and  accepted  a  lectureship  on  botany,  iirst  at  King's 
College,  Aberdeen,  and  afterward  at  Marischal  College.  During 
the  two  years  of  his  lectureship  he  devoted  much  of  his  time  to 
the  study  of  the  Invertebrates,  and  at  the  age  of  twenty-three  he 
was  appointed  Professor  of  Natural  History  at  Queen's  College, 
Cork,  Here  he  remained  but  a  year,  being  called  in  1854  to  the 
Professorship  of  Mineralogy  and  Geology  at  Queen's  College, 
Belfast,  a  position  which  he  occupied  till  he  became  the  successor 
of  Professor  Allman  as  Regius  Professor  of  Natural  History  in 
the  University  of  Edinburgh.  This  post  he  resigned  a  few 
months  before  his  death  on  account  of  ill-health. 

The  versatility  of  Professor  Thomson's  attainments  is  shown  by 
the  variety  of  learned  posts,  all  of  which  he  filled  with  marked 
distinction.  While  at  Belfast  he  wrote  the  greater  number  of 
those  zoological  memoirs  which  gave  him  an  eminent  rank 
among  naturalists.  Thoroughly  devoted  to  the  interests  of  Bel- 
fast, he  brought  together  collections  for  the  college  there  which 
were  of  value  and  importance.  In  the  meantime  Thomson's 
interest  was  early  and  stronglv  aroused  by  the  investigations 
of  the  Norwegian  and  Amencan  naturalists  into  the  fauna 
inhabiting  the  depths  of  the  sea.  Satisfied  that  so  ardent  and 
able  a  naturalist  could  not  fail  to  turn  any  means  placed  in  his 
hands  to  the  best  account,  the  government  was  induced  to  give 
him  in  successive  years  the  "  Lightning  "  and  the  "  Porcapine,*" 
and  finally  the  "Challenger"  and  the  "Knight  Errant."  The 
first  and  second  of  these  explorations  into  that  submarine  world 
which  is  the  land  of  promise  of  the  naturalist,  were  directed  by 
Dr.  Wm.  B.  Carpenter,  Mr.  Jeffreys  and  Professor  Thomson,  and 
the  results  were  embodied  by  Thomson  in  a  most  attractive  vol- 
ume entitled,  "The  Depths  of  the  Sea,"  by  far  the  most  interest- 
ing account  which  has  ever  appeared  of  the  new  zoological 
problems  suggested  by  similar  expeditions.  Stimulated  by  the 
success  of  these  two  voyages  of  discovery,  the  Royal  Society  of 
London. appointed  a  committee  to  urge  upon  the  government  the 
wisdom  of  fitting  out  another  expedition  on  a  gigantic  scale. 
To  this  the  government  acceded,  and  in  1873  the  "Challenger" 
started  on  her  memorable  voyage.  The  scientific  direction  of  the 
expedition  was  intrusted  to  Thomson  and  for  three  years  he  and 
his  colleagues  w^ere  at  work  searching  the  depths  of  the  Atlantic, 
the  Pacific,  and  extending  their  researches  far  toward  the  Antarc- 
tic pole.  The  cruise  was  in  every  way  successful,  broken  by  only 
one  untoward  event,  the  death  of  Dr.  H.  von  Willemoes  Suhm. 
During  this  famous  expedition  the  "Challenger"  sailed  over 
70,000  miles  of  sea,  pausing  at  362  stations,  at  each  of  which,  sys- 
tematic obsei-vations  were  made  by  the  naval  oflicers  and  the 
civilian  staff  of  investigators.  Not  only  were  most  extensive  col- 
lections made  illustrating  the  novel  and  wonderful  fauna  charac- 
teristic of  the  ocean  depths,  but  phvsical  observations  of  the 
greatest  importance   were  taken,  and   materials   were    brought 
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together  for  the  first  hydrographic  sketch  map  of  the  great 
oceanic  basins,  as  well  as  records  and  measurements  of  tempera- 
tures and  currents  wherever  such  were  feasible. 

These  immense  collections  were  sent  home  from  time  to  time, 
and  on  the  return  of  the  expedition  the  working  up  of  the  whole 
mass  of  material  was  entrusted  to  its  scientific  director,  Sir 
Charles  Wyville  Thomson.  He  selected  as  his  assistants  the  best 
known  specialists  in  the  different  branches  of  the  animal  kingdom, 
and  three  volumes  of  the  zoology  have  already  appeared.  Un- 
happily Thomson's  own  part  of  the  work  is  but  little  advanced, 
and  the  crinoids  and  sponges  which  he  hoped  to  work  up  himself 
must  now  pass  into  other  hands.  Only  two  volumes  of  his  gen- 
eral account  of  the  voyage  of  the  "Challenger"  have  been  pub- 
lished, under  the  title  of  "  The  Atlantic."  The  material  for  the 
other  intended  volumes  on  the  Pacific  and  the  Southern  ocean 
exist  only  in  the  form  of  notes,  and  in  the  sketch  of  the  results  of 
the  "  Challenger "  expedition,  given  by  Thomson  in  his  address 
as  President  of  the  Geographical  Section  of  the  British  Associa- 
tion at  its  Dublin  meeting. 

The  death  of  such  a  man  at  a  comparatively  early  age,  before 
he  had  time  to  gather  in  the  harvest  he  had  so  fairly  won,  is  not 
only  sad  in  itself  but  is  a  great  loss  to  science.  His  extensive 
and  exact  knowledge  in  many  fields  of  biology  would  have  ena- 
bled him  to  put  together  the  varied  results  of  his  expedition  a^ 
no  one  else  can  do  it. 

Thomson  was  a  general  favorite,  beloved  not  only  by  his  col- 
leagues but  by  his  students  who  flocked  to  his  lectures.  Natural 
History  was  perhaps  never  more  popular  than  while  he  held  the 
professorship,  which  had  been  occupied  in  turn  by  Jamieson, 
Forbes  and  Allnian.  His  relations  with  his  foreign  associates 
were  always  frank  and  kindly,  and  those  who  had  the  good  for- 
tune to  meet  him  parted  from  him  not  only  as  from  an  old  friend, 
but  also  with  sincere  admiration  for  his  character  and  extensive 
attainments.  a.  ag. 

General  John  G.  Barnard,  of  the  Department  of  Engineera, 
U.  S.  Army,  died  on  the  I4th  of  May.  General  Barnard  was  an 
able  mathematician,  and  the  author  of  papers  on  Projectiles,  the 
Gyroscope,  the  Tides  and  other  subjects. 

Charles  M.  Wheatley,  of  Phenixville,  Pennsylvania,  Min- 
ing Engineer,  died  on  the  6th  of  May.  Mr.  Wheatley 's  dis- 
coveries of  a  Saurian  bone-bed  near  Phenixville  in  the  Mesozoic 
shales  of  tlie  region,  and  of  a  Quaternary  Cave  in  Eastern  Penn- 
sylvania containing  bones  of  the  Mastodon,  Megalonyx  and  other 
extinct  species,  were  of  the  highest  interest  to  American  geology. 

William  S.  Vaux  died  at  Philadelphia  on  the  5tb  of  Mav. 
Mr.  Vaux  used  his  wealth  largely  for  scientific  purposes.  He 
gathered  one  of  the  finest  collections  of  minerals  in  the  country, 
and  besides  a  large  archfeological  collection.  Among  his  bequests, 
there  is  one  of  $10,000  to  the  Academy  of  Natural  Sciences,  and 
another,  of  his  Collection  of  Etruscan  Pottery,  to  the  Pennsylvania 
Museum  and  School  of  Industrial  Art. 
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Flora  Brasiliensis,  244. 

Hypericum,  245. 
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Coal,  see  Geology. 

Color  correction  of  double  objectives, 

Hastings,  167. 
Comet  vii,  1881,  elements  of,  77. 
Comets,  uotation  of,  160. 
Cook,   G.   H.,   New  Jersey  Geological 

Report,  326. 
Cooke,   J.   Af.,   Gundlachia  in  western 

New  York.  248. 
Cope,  E.  D.,  Eocene  vertebrates  of  New 

Mexico  and  Wyoming,  324. 
Copper  implements,  how  formed,  162. 
Crosby,  W,  0„  geology  of  Frenchman's 

Bay,  Maine,  64. 
Cross,  W.,  minerals  in  basalt  of  Table 

Mountain,  452. 
Cymene,  preparation  of,  412. 

D 

Dana,  E.  S.,  monetite  crystals,  406. 
Third  Appendix  to  Dana's  Mineral- 
ogy, 491. 
Dana.  J.  D.,  flood  of  Connecticut  valley 

glacier,  87,  179,  360. 
Darton,  N.  H.,  new  locality  for  Hayesine, 

458. 
Darwin,  F.,  movennjnts  of  leaves  in  the 

light,  245. 
Darwin,    G.   H.,  lunar   disturbance    of 

gravity.  49. 
Daubree.  joints  in  strata,  63. 
Derby,  0.  A.,  geology  of  the  diamond, 

97. 
gold-bearing  rocks  of  Minas  Geraes, 

Brazil.  178. 

Brazilian  specimens  of  martite,  373. 
Diflfuaion  of  solids  into  solids,  409. 
Dinosauria,  see  Geology. 
Dissocioscope,  235. 
Draper,  IL,  photographs  of  spectrum  of 

nebula  of  Orion,  339. 
Drops  floating  on  water,  60. 
Duncan,  P.   M.,  Arctic  Kchinodermata, 

247. 
Duttoti,   C.  E,  Fisher's  Physics  of  the 

Earth's  Crust,  283. 
Dynamo-electric  machine,  147. 


Earth,  density  of,  51. 

physics  of  cru-t  of,  283. 
Earthquake  in  Ischia,  337. 
Earthquakes,  American,  Rockwood,  257. 

of  Switzerland,  337. 
Earths,  metals  of  the  rarer,  412. 
Eistman,  J.  R.,  solar  parallax,  160. 
Edi.son's  electrical  meters,  52. 
Eichler,    A.   W.,    Jahrbuch  des   konig- 
lichen  botanischen  Gartens,  70. 

female  flowers  of  Coniferse,  418. 


Electrical  meters,  Edison's,  52. 
rays,  reflection  of,  413. 
resistance  of  gases,  321,  487. 

of  a  vacuum,  149,  487. 
units,  241. 
Electricity,  inertia  of,  240. 

storage  of,  414,  415. 
Electrlflcation  by  evaporation,  Freeman^ 

428. 
Electrodes,  disintegration  of,  240. 
Electrolytes,  dielectric  polarization  iD« 

321. 
Electro-magnetism,  theory  of,  240. 
Elliott,  H.  W.,  Seal-islands  of  Alaska, 

334. 
Emerson,  B.  K.,  dyke  of  Elfieolite-syen- 
ite  in  New  Jersey,  302. 
diabase  intersecting  zinc  ore,  376. 
Englemann,  G.,  female  flowers  of  Coni- 

ferae,  418. 
Englor,  Botanische  JahrbQcher,  71. 
Ether,  nature  of,  Hunt,  123. 


Farlow,   W.  G.,  botanical  notices,  169, 

326,  329. 
Fewkes,  J.   W.,  a  Cercaria  with  caudal 

setae,  134. 
Fisher,  0.,  the  Earth's  Crust,  283. 
Flames,  new  arrangement  for  sensitive, 

51. 
Fossil,  see  Geology. 
Foye,  J.  C,  Tables  for  Determination  of 

Minerals,  418. 
h\eernan,  S.  H.,  electrification  by  evap- 

oration,  428. 
Furrnan,   J.    H.,  copper -bearing  rejifioa 

in  northern  Texas,  65. 
Fusion,  see  Melting  points. 

G 

Gannett,  H.,  the  timber-line,  275. 
Gas-densities,  determination  of,  -100. 
Gases,  elecirical  resistance  of,  321,487. 

viscosity  of  rarefied,  239. 
Geikie,  A.,  Director-general  of  geological 

survey  of  Great  Britain,  338. 
Geological  Congress,  Bologna,  150. 
Geological  Reports  and  Surveys— 

Minnesota,  62,  64. 

New  Jersey,  325. 

United  States,  382,  452. 

Territories,  153. 
Geology — 

Amygdaloid  of  Brighton,  Mass.,  ti5. 

Anthracite  of  Colorado,  64. 

Basalt  of  Table  Mountain,  452. 

Brick-clays     making     cream-colored 
bricks  in  Minnesota,  64. 

Cincinnati  rocks,  fossils  of,  65. 
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Oeologt — 

Climatic  changes  of  later  times,  Whit- 
ney, 489. 
Coal,  coking,  of  Colorado,  64. 
Coal-field  near  Cafton  City.  Cal.,  152. 
Connecticut  river  glacial  flood,  Dana, 

87.  179,  360. 
Copper-bearing  region  in  Texas,  65. 
Diabase  intersecting  zinc  ore,  Emer- 

sofiy  376. 
Diamond,  geology  of,  Derby,  97. 
Dinosauria,  classification  of,  Marshy  81. 
Echini,  Cretaceous  and  recent,  Agas- 

«z,  40. 
Echinognathus,  Wdlcott,  213. 
Eocene  of  Wyoming  and  New  Mexico, 

324. 
Eozoon.  controversy  on,  418. 
Eurypterus,  new,  Wi»fco«,  151,  213. 

from  near  Bufiblo,  418. 
Evaporation  and  eccentricity  as  co- 
factors  in  glacial  periods,  61. 
Foyaite  dyke,  New  Jersey,  Emerson^ 

302. 
Frenchman's  Bay,  Maine.  64. 
*    Glacial  era  climate.  Woeikofj  417. 
erosion  in  Maine,  242. 
flood,  418. 

of  Connecticut  Valley,  DanOj 
87,  179,  360. 

periods,  evaporation   and  eccen- 
tricitv  in,  61. 

phenomena  in  Maine,  242. 
in  Minnesota,  62. 
on  the  Delaware,  242. 
scratches  in  the  Catskills,  338. 
Glaciers,  movement  of,  59. 

periodical  variations  of,  56. 
of  Greenland,  363. 
Gold-bearing  rocks,  Brazil,  Derby, 11 S. 
Jointed  structure  in  clay  and  marl, 

LeConte,  233. 
Joints,  in  strata  near  Paris,  63. 

poflt-Glacial,  GiJheri^  25. 
Jura-Trias  of  S.W.  Colorado,  243. 
Lakes  of  Minnesota,  62. 
Mollusks,  descent  of,  White,  382. 
Monticulipora,  491. 
Petroleum  of  British  America,  164. 
Phyllopods,    new    Devonian,  Clarke, 

476. 
Poecilopod  in  the  Utica  slate,  151. 
Pterodactyles,  wings  of,  Marsh,  251. 
IHerygotus  from  near  Buftalo,  418. 
Soil-cap  motion,  59. 
Syenite,  Quincy,  418, 
Tides  in  early  time.  323. 
Trildbites,  Primordial  in  Sardinia,  65. 
Vertebrates,  Eocene,  Cape,  324. 
Geysers,  apparatus  illustrating  action  of, 
320. 


Gibba,  J.  W.,  double  refraction  and  dis- 
persion of  colors,  262. 

double  refraction  and  circular  po- 
larization, 460. 
Gilbert  G.  K.,  post-Glacial  joints,  26. 
Glacier,  etc.,  see  Geoix)gy. 
Gould,  B.  A.,  algebraic  expression  of  di- 
urnal variation  of  temperature,  99. 
Gravity,  lunar  disturbance  of,  49. 
Gray,   A.,   botanical   notices,    69,   169, 
244,  326,  492. 
nomenclature,  157. 
compass-plant,  160. 
botanical  necrology,  330. 
Greenland,  Flora  of,  not,  247. 

glaciers  of,  363. 
Groth,  P.,  Tabellarische  Uebersicht  der 

Mineraiien,  157. 
Guides  for  Science  Teaching,  336. 


Hague,  A.  D.,  Mining  Industries,  162. 

Hailstorms,  249. 

Hall,  J..  Bryozoans  of  the  Upper  Hel- 

derberg,  153. 
Halogens,  vapor-density  of,  1.43. 
Hastings,    C,   S.,    color    correction    of 

double  objectives,  167. 
Hazen,  W.  B.,  Signal  Service  Report,  78 . 
Heat,  Fourier- Poisson  theory  of  conduc- 
tion of,  322. 
Heilprin,  A.,  Tertiary  of  Eastern   and 

Southern  United  States,  153. 
Hilgard,  J.  E.,  appointed  superintendent 

of  Coast  Survey,  162. 
HiU,  E.  evaporation  and  eccentricity  in 

glacial  periods.  61. 
Hillebrand,  W.  F.,  minerals  in  basalt  of 

Table  Mountain.  452. 
Hills,  R.  C,  Jura-Trias  of  southwestern 

Colorado,  243. 

dioptase  from  .\rizona,  325. 
Holden,  E.  S.,  transit  of  Mercufy,  1881. 

48. 

rings  of  Saturn,  387. 
Holman,  S.  VT.,  method  for  calibrating 

thermometers,  278. 
Hooker,  J.  D.,  Icones  Plantarum,  71. 
Huggins,W.,  photograph  of  spectrum  of 

nebula  of  Orion,  335. 
Hungerford,   E,   snow    and    ice   under 

pressure,  434. 
Hunt,  T.  S.,  celCvStial  chemistry,  123. 
Hydrogen  phosphide,  spontaneously  in- 
flammable, 144. 


Ice  under  pressure.  Hunger/or d,  434. 
Jles,  M.  W..  smaltite  in  Colorado,  380. 
vanadium  in  Leadville  ores,  381. 
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Illinois    Museum  of   Natural    History, 

Bulletin  of,  417. 
Iron,  determination  of  phosphorus  in, 

Smith,  316. 
maf^netic  properties  of  a  nickeliler- 

ous,  229. 


Judd,  J.  W.,  Volcanoes,  65. 


Kayser,  H.,  velocity  of  sound  in  wood, 

415. 
Klan^farbe.  147. 
Kokscharof,  N.  v.,  Russian  Mineralogy, 

68. 


Lalande  prize,  250. 
Lapparent,  Traits  de  G^logie,  154. 
Leaves,  see  Botany. 
LeConle,  «/.,  sound-shadows  in  water,  27. 
jointed  structure  in  clay  and  marl, 
233 
Lichtenbergr'8  figures,  240. 
Light,  absorption  of,  60,  486. 

electro-magnetic  theory  of,   Gibbs, 
262,  460. 

interference  phenomena  of,  Michel' 
son,  395. 

rotation  of  plane  of  polarization  of, 
148. 

spectroscopic     observations     with 
monochromatic,  322. 
Loomis,    E.,    contributions    to   meteor- 
ology, 1. 


Madan,    H.   G.,   Tables   of   Qualitative 
Analysis,   160. 

Magnetism  as  affected  by  hardening.  414. 

Magnetization,  maximum  of,  413. 

Man,  Paleolithic  iu  Delaware  valley,  152. 

Marsh,  0.  C,  classification  of  the  Dino- 
sauria,  81. 

wings  of  Pterodactyles,  251. 

Martins,  E.  v.,  Conchologische  Mittheil- 
ungen,  422. 

Maximowicz,  C.  J.,  Coriaria,  etc.,  159. 
Diagnoses  Plantanmi  novarum  Asi- 
aticarum,  245. 

McGtf..  W.  J.,  evaporation  and  eccen- 
tricity iii  glacial  periods,  61. 

Melting  points,  apparatus  for  determin- 
ing. 482. 

Mendenhall,  Meteorology  of  Tokio,  490. 

Mercury,  transit  of,  1881,  48. 

Meteorites,  supposed  organisms  in,  16G. 


Meteorology,  contributions  to,  Loomis,  1 : 

Woeikof,  341 ;  MendmhaU,  Gastodi,  496. 
Meyer,  F.,  vapor-density  of  the  halogens, 

14H. 
Michelsan,  interference  phenomena,  395. 
Millimeter  screw,  Wecx/,  176. 
Minerals — 

Analcite,  457. 

Bergamaskite,  165. 

Chabazite,  454. 

Chr3rsolite,  artificial,  155. 

Diamond,  97. 

Dioptase  from  Arizona,  325. 

Dopplerite,  164. 

Enstatite,  165. 

Hayesine,  458. 

Hematite,  polyhssdral  cavities  in,  67. 

Hiddenite,  68. 

Iron,  a  nickeliferous,  229. 

Litidionite,  155. 

Martite,  Brazilian,  373. 

Melanotekite,  165. 

Monetite,  400,  405. 

Monitt;.  400. 

Nocerine.  155. 

Orthocla.se,  67. 

Phytocollite,  156. 

Pyroclasite,  400. 

Quartz  crystals,  in  sandstones,  257. 

Siderite,  analysis  of,  325. 

Smaltite  in  Ck)lorado,  380. 

Thomsoniie,  455. 

Vanadium,  .'^81. 
Museum,  American,  Bulletin  of,  153 
of   Comparative  Zoology,  Bulletin. 

422. 

N 

Naumann,  C.  F.,  Minera logic,  not.,  6S. 

Nebula  of  Orion,  photograph  of  spectrum 
of,  Huggins,  335  ;   Draper,  339. 

Newberry,  J.  <S.,  coking  coal  and  anthra- 
cite of  Colorado,  64. 

Newton.  II.  A.,  notation  of  comets,  160. 
astronomical  notices,  160. 
minor  planets,  249. 
notice  of  Peirce's  Algebra,  336. 

Nitrogen  oxides,  action  of  on  glass,  55. 

Nomenclature,  natural  history,  157. 

Nordenskiold,    A.    E.,    Voyage  of  tlie 
Vega,  330. 

Norton,  W.  A.,  Treatise  on  Astronomr. 
496. 

!  0 

:  Obituary — 

Andersson,  Nils  J.,  333. 
Austin,  Coe  F.,  332. 
Barnard,  Gen.  John  G..  498. 
Darwin,  Charles  Robert,  422. 
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Obituary — 

Decaisne,  Joseph,  331. 

Desor,  E.,  422. 

Draper,  John  W.,  163. 

Godron.  Dominiciiie  Alexandre,  333. 

Hampe.  Bnmt,  333. 

Janie8,  Thomas  P.,  330. 

Lindsjiv,  W.  Lauder,  333. 

Mallett,  Robert,  80. 

Mead,  S.  B..  333. 

Morgan,  Lewis  H..  166. 

Munro,  (ten.  Wm.,  333. 

Rabenhorst,  Gottlieb  TiUdwig.  3:53. 

Schimper.  Wm.  Philip,  333. 

Schleiden.  Matthias  Jacob.  333. 

.Schwann.  Tlieodore,  333. 

Thomson,  C.  Wyville,  338,  496. 

Vaux,  William  S.,  498. 

Wheatley,  Charles  M..  498. 

Wood,  Alphonao,  333. 
Gbjectives,   color  correction  of  double, 

Hastiiujs,  167. 
OV>f»ervatorv,   Harvard  College,    Repr)rt 

of,  161.  ' 

Morrison,  longitude  of,  77. 
National,  publications  of,  1 60,  495. 
(Optics,  physiological,  Stevens,  290.  346. 
Organic  liquids,  phy.^ical  propert.ies  of, 

234. 

critical  temperatures  of,  483. 
Owen,  R..  CJephalopoda,  72. 
Oxides,  effect  ot,  in  the  decomposition 

of  potassium  chlorate,  236. 
Oxygen,  production  of  active.  410. 


Powell,   .1.    W.,    Report  of    Bureau  of 

Kthnology,  422. 
Protoplasm,  nature  of  living,  238. 
Pterodactylos.  see  (Jeolooy. 
FutnoTH,  F.  W.,  palaM)lithic  implements 

of  tlie  valley  of  the  Delaware,  152. 

a 

Quinones,  constitution  of,  486. 

R 

RaiU'fHll.  annual, Looin'iS,  1.  Woeikof,  341. 
Rattan.   V.,  Popular  Califomian  Flora, 

495. 
Refraction,  double,  Gihbs,  262,  460. 

elliptical  double,  487. 
Regehition,  Ilumjerford.  4M. 
Rt^nseii,  /.,  Ik)ston  city  water,  250. 
Reports  of  Kngineers,  index  of,  336. 
Richards.   K.  H.,  Chemistry  of  Cooking 

and  Cleaning,  not.,  416. 
Nonkwmd,  C.  (!..  American  earthquakes, 

257. 

notice  of  Judd's  Volcanoes,  65. 
notes  on  earthquakes,  337. 
H^sin  oil,  metaisocymene  in,  238. 
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Packard,  A.  S..  Jr.,  Cambarus  prinuevus, 

15.3. 
Chatauqua  Scientific  Diagrams,  418. 
Peirce,  B.,  Linear  Associative  Alge))ra, 

336. 
Peptones,  theory  of,  146. 
Persulphuric  oxide,  so-called,  410. 
Petroleum  hydrocarbons,  splittingof,  237. 

of  the  Caucasus,  145. 
PhilHjhs,  F.   C.J  absorption  of  metallic 

oxides  by  plants,  491. 
Phosphorescence,  322. 
Phosphonis  oxide,  144. 
Pickering,  K.  C.  Observatory  Report,  161. 
Planets,  list  of  minor,  249,  334. 

see  also,  Mercury,  etc. 
Potassium  permanganate,  336. 
chloride  in  Absinth,  323. 
Potential,  difference  of,  between  a  metal 

and  tluids  of  different  concentration. 

487. 
Poulsen,  V.  A.,Botaniscbe  Mikrochemie. 

328. 


^atum,  rings  of.  I/oiden.  387. 
Srhcbberle.  J.  3f..  flexure  of  a  telescope 

tube,  374. 
.Schott,  C.  A.,  rain  and  snow  tables,  250. 
Screw,  millimeter,  Www?,  176. 
Sea-water,  carbonic  acid  in,  53. 
Seismological  ('ommi.«»sion,  Swiss,  337. 
SfiepanI,  C.    (J.,    monetite,    monite   and 

pyroclasite,  400. 
Siemens,  W..  dvnamo-electric  machine, 

147. 
Signal  Service  Report,  78. 
Silliman,  B..  obituary  of  Draper,  163. 
aconitic  acid  from  Sorghum  juices, 

488. 
Smith,   J.   L.,   magnetic    properties   of 

nickeliferous  iron,  232. 

detennination  of  phosphorus  in  iron, 

316. 
Snow,  effect  of  pressure  on.  Ilnngtrrfotd^ 

434. 
Solar,  see  Sun. 

Sonometer,  organ-pipe,  Stevens,  479. 
Sophorin,  413. 

Sound,  velocity  of  in  wood,  416. 
Sound-shadows  in  water,  IjeConte,  27. 
Spectroscopic  observations  with  mono- 
chromatic light  322. 
Stnhl.  K.  (yompass-plants.  ir>9. 
Stars,  observations  of  double,  334. 
Stereoscope,  reversible,  Stevens,  226, 
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Stevens,  W.  Z.,  new  form  of  reversible 
stereoscope,  226. 

notes  OD  physiological  optics,  290, 
346. 
orgau-pipe  sonometer,  47  9. 
Stevenson^  J.  J.,  coal-field  near  Canon 

City,  (Colorado,  152. 
Stoi^^  G.  H.,  glacial  erosion  in  Maine,  242. 
Sulpliur  oxychloride,  new,  484. 
Sun,  parallax  of.  161. 

heat  of,  487. 
Swiss  Seismological  Commission,  337. 


Telescope  tube,  flexure  oi^Schatherley  374. 
Temperature,  changt*  of  from  mechanical 

Htraius,  321. 

diurnal  variatitm  of,  dmld,  99. 
Thompson,  S.  P.,  Iavshous  in  Klectricity 

aud  Magnetism,  241. 
Tides  in  early  gt^ological  time,  323. 
Timber  line.  Gannett,  276. 
Tones,  harmonic  and  partial,  147. 
Trowhridgft,  J.,  physical  notices,  49,  147, 

239,  320,  413,  486. 
Tschermak,   ().,  T/ehrbuch  der  Mineral- 

ogie.  (>8. 
Tuckerman,  K.,  North  American  Lichens, 

326. 
Turner,  W.,  Names  of  Herbe.s,  326. 


Vacuum,  electrical   resistance   of,   149, 
487. 

Vapor-density  of  the  halogens,  143. 

Veitch,  .1.,  Manual  of  the  Conifene,  69. 

Verrill,  A.  K,  Architeuthis  at  Newfound- 
land, 71. 

Owen's  ('.ephalopoda,  72. 
Agassiz's  Echinoidea  of  the  Chal- 
lenger Ex|)edition,  75. 

marine  fauna  of  outer  banks  off 
New  England  coast,  135,  216,  309, 
406. 

Duncan  and  Sladen's  Echinodermata  ! 
of  the  Arctic  Sea,  247.  ' 

Vibrations,   effect  of    on   a   suspended  j 
disc,  51.  ! 

Vilmorin-Andrieux,   I^es  Meilleurs  Ble.s, 
494. 

Viscosity  of  ran»fled  gases,  2.'59. 

Vision,  phenomena  of.  Strren^i,  290,  346. 

Volcanoes,  .ludd  on,  05. 

Vries,     H.     De,     Uesinous     Mutters    in 
Planis.  494. 


w 

Walcott,  a  /).,  Poecilopod  in  the  UUot 
slate,  151. 
new  genus  of  Eurypterida,  2 1 3. 
Waldo^  L.J  Micrometrical  Measurements 

of  Double  Stars,  334. 
Ward,    L.   F.,   Guide   to  the   Flora  of 

Washington,  492. 
W&td,  C.  K,j  millimeter  screw,  176. 
Wetherby,  A.  (/.,  distribution  and  varia- 
tion of  fresh-water   moUusks  of  N. 
America,  76,  203. 
White,  C.  A.,  descent  of  certain  fresh- 
water mollusks,  382. 
Whitfield,  R.  P.,  paleontologicsd  pai>er!^ 

153,  496. 
Whitney,   J.   Z).,    Climatic    Changes  c»f 

later  Geological  Times,  489. 
Wiik,  F.  J.,  Mineral  Karakteristik.  6*.^. 
Wilder,  13.  G.,  Brain  of  the  Cat,  160. 
Wilson,  S.  /).,  respiration  of  plants,  423. 
WincheU,  N.  H.,   Minnesota  (ieologic»! 
Report,  62. 

clays  making  cream-colored  bricka, 
64. 
Wires,  change  of  temperature  from  me- 
chanical strains  iu,  321. 
Woeikof,  A.,  mean  annual  rain-fall,  341. 
Glacial-era  climate,  417. 


Young,   A.  A.,   sandstones   having  ttie 
grains  iu  part  quartz  crystals,  257. 


Zoology — 

Actinaria,  New  England,  Verrill,  314 
Animals  containing  Algje,  328,  :vi\i. 
Antho/oa.  New  England.  Vet-rill  ^^"9. 
Architeuthis  at  Newfoundland,  71. 
Cephalopoda,  72. 

Cercaria  with  caudal  seUe.  Ftwke»,  134. 
Ducks,  domestication  of  wild,  421. 
Fkrhinoderms,  arctic,  247. 

New  England,  Fem'tf,  138.  21G. 

( 'retaceous  and  recent,  Agassiz,  4U. 
Gundlachia  in  western  New  York,  248. 
Madrei)oraria,   New   England,  VerHlL 

313. 
Marine  fauna.  New    England,  VrniH 

135,  216,  309,  406. 
Mollusks,  descent  of.  White,  3S2. 

distribution  of,  Wc/^<r/-6f/.  16,  2«^ 
Nomenclature,  157. 
*  Yellow  cells,"  see  Botany. 
.See  further  under  Geoi-0«jY. 
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